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PREFACE 


The  object  of  the  present  work  is  to  furnish  the  student 
of  Geology  and  the  general  reader  with  a  compendious 
account  of  the  leading  principles  and  facts  of  the  vast 
and  ever-increasing  science  of  Palicontology.  In  carry- 
ing out  this  object,  all  superfluous  details  have  been 
rigidly  excluded,  and  the  Author  has  endeavoured  to 
restrict  himself  entirely  to  those  facts  which  are  abso- 
lutely necessary  to  any  one  who  would  study  Palaeon- 
tology as  a  department  of  science,  sufficiently  distinct 
to  stand  alone,  and  yet  most  closely  connected  with  the 
sciences  of  Zoology  and  Botany  on  the  one  hand,  and 
with  Geology  on  the  other  hand. 

In  the  First  Part  of  the  work  is  given  a  general  ac- 
count of  the  principles  upon  which  the  palxontological 
obser\'er  proceeds. 

In  the  Second  Part  of  the  work,  Palaeontology,  or  the 
past  history  of  the  Animal  Kingdom,  is  treated  of;  and 
here  much  more  space  has  been  devoted  to  the  Inver- 
tebrate than  to  the  Vertebrate  groups — upon  the  ground 
that  it  is  chiefly,  or  almost  exclusively,  with  the  former 
that  the  ordinary  palaeontological  student  has  to  deal 

The  Third  Part  of  the  work  gives  a  brief  and  very 
general  view  of  Falieobotany,  or  the  past  history  of  the 


Vegetable  Kingdom.  This  department  of  the  sul 
has  not  been  treated  at  any  length,  partly  because 
remains  of  plants  are  comparatively  rare  in  the  strati 
scries,  and  partly  because  notliJng  less  than  a  sp4 
treatise  would  suffice  to  handle  satisfactorily  this  obs 
and  difficult  branch  of  the  subject. 

The  fourth  and  concluding  portion  of  the  work  tt 
of  Historical,  or,  as  it  might  be  called,  Stratigraph 
Palaeontology — namely,  of  the  application  of  Pala 
tology  to  the  elucidation  of  the  succession  of  the  st 
fied  deposits  of  the  earth's  crust.  This  departmen 
the  subject  has  also  been  veiy  briefly  disposed  of, 
because  its  intrinsic  importance  does  not  warrai 
more  extended  treatment,  but  because  it  is  the  Autl 
intention,  as  his  leisure  will  permit,  to  devote  a  scpa 
treatise  to  the  consideration  of  this  wide  and  comp 
tively  independent  section  of  the  science. 

In  conclusion,  the  Author  would  beg  his  reader 
remember  that  there  is  no  science  which  is  growin 
rapidly,  and  which  is  as  yet  so  comparatively  in 
infancy,  as  Paleontology ;  and  that  there  is  nom 
which  the  conclusions  of  to-day  are  more  liable  tc 
vitiated  by  the  discoveries  of  the  morrow.  Even  wl 
these  sheets  have  been  going  through  the  press,  I 
have  been  brought  to  light  which  ought  to  have  fo 
their  place  in  a  Manual  of  this  kind,  but  which  I 
been  of  necessity  altogether  passed  over,  or,  at  I 
have  been  merely  alluded  to.  For  all  deficiencies,  th 
fore,  arising  from  this  cause,  the  Author  has  to  beg 
kind  indulgence  of  his  readers. 

With    regard   to   the    Illustrations,  the   Author 
gratefully  to  acknowledge  the  kindness  of  Alfred  K 
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n,  Esq.,  Director  of  the  Geological  Survey  of 
Canada,  who  placed  at  the  Author's  disposal  a  number 
of  engravings  of  Silurian  and  Devonian  fossils,  from  the 
publications  of  the  Survey.  The  Author  has  likewise 
to  acknowledge  a  similar  obligation  to  Principal  Daw- 
son, of  M'Gill  University,  Montreal,  who  kindly  per- 
mitted the  use  of  several  of  the  illustrations  of  his 
'  Acadian  Geology.*  A  considerable  proportion  of  the 
engravings,  however,  are  taken  from  D'Orbigny's  beau- 
tifully illustrated  'Cours  Elcmcntairc  dc  Palt^ontologie,' 
by  an  arrangement  with  the  publishers  of  that  work. 


University  College,  Toronto, 
O-Aj^  i6,  1872. 
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PALv^ONTO  LOGY 


CHAPTER   I. 


INTRODUCTION. 

Definition  of  Palaeontology. 

Paleontology  (Gr.  palaios^  ancient j  onta^  beings;  hgos^  dis- 
course) is  the  science  which  treats  of  the  living  beings,  whether 
animal  or  vegetable,  which  have  inhabited  this  globe  at  past 
periods  in  its  history.  It  is  the  ancient  life-history  of  the  earth, 
and  if  its  record  could  ever  he  comijletedj  it  would  furnish  us 
with  an  account  of  the  structure,  habits,  and  distribution  of  all 
the  animals  and  plants  which  have  at  any  time  flourished  upon 
ihe  land-surfaces  of  the  globe  or  inhabited  its  waters.  From 
causes,  however,  which  will  be  subsequently  discussed,  the 
palicontological  record  is  most  imperfect,  and  our  knowledge 
is  interrupted  by  gaps  which  not  only  bear  a  large  proportion 
to  our  solid  information,  but  which  in  many  cases  are  of  such 
I  a  nature  that  we  can  never  hope  to  have  them  filled. 

As  Zoolog)',  then,  treats  of  the  animals  now  inhabiting  the 
earth,  and  as  Botany  treats  of  the  now  existing  plants, 
Palaeontology  may  be  considered  as  the  Zoology  and  Botany 
of  the  past  Regarding  it  from  this,  the  only  true  point  of 
view,  some  knowledge  of  Zoology  and  Botany  is  essential  to  a 
prosecution  of  the  study  of  Palieontology,  and  such  details  of 
these  sciences  as  may  be  deemed  requisite  will  be  introduced 
in  the  proper  place.  The  materials,  again,  which  fall  to  be 
studied  by  the  palaeontologist,  are  derived  entirely  from  the 
proper  province  oK  the  geologist.  Fossils  are  derived  from 
roAs.     It  will  therefore  be  necessary  to  trespass  to  some  ex- 
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tent  upon  the  peculiar  domain  of  the  geologist,  and  to  obtain 
some  knowledge  of  the  origin,  composition,  and  mode  of 
occurrence  of  the  rocks  from  which  Pal«ei>ntoIogy  derives  its 
materials.  lastly,  Palaeontology,  apart  from  tts  own  import- 
ance as  an  independent  science^  is  employed  by  the  geologist 
to  assist  him  in  his  determination  of  the  chronological  succes- 
sion of  the  materials  which  compose  the  crust  of  the  earth. 
Palajontology,  therefore,  must  be  separately  studied  in  its  rda* 
tion  to  historical  Geology. 


DEPiNiTtoN  OF  Fossils. 

All  the  natural  objects  which  come  to  be  studied  by 
palaeontologist  are  tenned  **  foiisils  "  (I^t.  /(fssus\  dug  up).  In 
most  cases,  fossils,  or,  as  they  are  often  termed,  "  petrifactions," 
are  actual  portions  of  animal  or  vegetable  organisms,  such  as 
the  shells  of  Molluscs,  the  skeletons  of  Corals,  the  bones  of  Ver- 
tebrate animals,  the  wood,  bark,  or  leaves  of  plants,  &c.  ;  and 
these  may  be  preserved  very  much  in  their  original  condition, 
or  may  have  been  very  much  altered  by  changes  subsequent  to 
their  burial.  Strictly  speaking,  however,  by  the  term  '*  fossil" 
is  understood  *'  any  body,  or  the  inues  of  the  existence  of  any 
boiiy,  whether  animal  or  vegetable,  which  has  been  buried  in 
the  earth  by  natural  causes"  (Lyell).  We  shall  find,  therefore, 
that  we  must  include  under  the  head  of  fossils  objects  which  at 
no  time  themselves  formed  parts  of  any  animal  or  vegetable, 
but  which,  nevertheless,  point  to  the  former  existence  of  such 
organisms,  and  enable  us  to  reason  as  to  their  nature.  Under 
this  head  come  such  fossils  as  the  moulds  or  *'  casts  "  of  shells 
and  the  footprints  left  by  various  animals  upon  sand  or  mud. 

In  the  great  majority  of  cases  fossils  are  the  remains  of 
animals  or  plants  which  are  now  extinct — that  is  to  say,  which 
no  longer  are  in  existence,  but  have  entirely  disappeared  from 
the  earth's  surface.  In  some  cases,  however,  fossils  are  the 
remains  of  recettt  animals— that  is,  of  animals  which  are  still 
found  in  a  living  condition  upon  the  globe.  The  term  "sub- 
fossil,"  sometimes  applied  to  these,  has  been  more  appropriately 
applied  in  another  sense,  and  is  best  discarded  in  this  con- 
nection. The  terms  **  fauna"  and  **  flora"  are  employed  in 
Paleontology  much  as  they  are  by  the  naturalist,  to  mean 
the  entire  assemblage  of  the  animals  or  of  the  plants  respect- 
ively belonging  to  a  particular  region  or  a  ]iarticular  time. 
Thus  we  may  speak  of  the  "fauna"  of  the  Carboniferous 
Period,  or  the  "flora"'  of  the  Tertiar)'  Epoch,  or  the  fauna 
the  Chalk,  or  of  any  other  set  of  beds. 


FOSSILTSATIOK. 


FOSSrLISATION. 

FossilisatioD  may  be  appliefl  in  a  general  sense  to  all  the 
processes  through  which  an  organic  body  passes  in  order  to 
beconie  a  fossil.  Here  we  need  only  consider  the  three  lead- 
ing forms  in  which  fossils  present  themselves.  In  the  first 
instance,  the  fossil  is  to  all  intents  and  purposes  an  actual 
organic  remain,  being  itself  a  fragment  of  an  animal  or  plant. 
Thus  we  may  meet  with  fossil  bones,  shells,  or  wood,  which 
may  have  un^iergc»ne  certain  changes,  such  as  would  be  pro- 
duced by  pressure,  by  the  deprivation  of  organic  matter  origi- 
nally present,  or  by  more  or  less  complete  infiltration  with 
mineral  matter,  but  which,  nevertheless,  are  practically  the  real 
bodies  they  represent.  As  a  matter  of  course,  it  is  in  the  more 
modem  formations  that  we  find  fossils  least  changed  from  their 
primitive  condition,  but  all  formations  almost  contain  some 
fossils  in  which  the  original  structure  is  more  or  less  com- 
pletely retained. 
'  In  the  second  place,  we  very  frequently  meet  with  fossils  in 
the  state  of '*  casts  "  or  moulds  of  the  original  organic  body. 
What  occurs  in  this  case  will  be  readily  understood  if  we  ima- 
gine any  common  bivalve  shell,  as  an  Oyster,  or  Mussel,  or 
Cockle,  embedded  in  clay  or  mud.  If  the  clay  were  sufficiently 
soft  and  fluid,  the  first  thing  would  be  that  it  would  gain  access 
to  the  interior  of  the  shell  and  would  completely  fill  up  the 
space  between  the  valves.  The  jiressure,  also,  of  the  surround- 
ing matter  would  insure  thai  the  clay  would  everywhere  ad- 
here closely  to  the  exterior  of  the  shell.  If  now  we  suppose 
the  clay  to  be  in  any  way  hardened  so  as  to  be  converted  into 
stone,  and  if  we  were  to  break 
up  the  stone,  we  should  obvi 
ously  have  the  following  state  of 
parts.  The  clay  which  filled  the 
shell  would  form  an  accurate 
cast  of  the  inttrior  of  the  shell. 
and  the  clay  outside  would  give 
us  an  exact  impression  or  cast 
of  the  rxta-ior  of  the  shell  (fig. 
i).  VVe  should  have,  then,  two 
casts,  an  iuleriorand  an  exterior, 
and  the  two  would  be  ver)'  dif- 
ferent to  one  another,  since  the  inside  of  a  sbell  is  ver)'  unlike 
the  outside.  In  the  rase,  in  fact,  of  many  univalve  shells,  the 
interior  cast  is  so  unlike  the  exterior  or  unlike  the  shell  itself, 
that  itmaybedifiicuU  to  determine  the  true  origin  of  the  former. 


of  ihc  exterior  and  interior  ur  Uic  iihcll. 
— Netjcomian. 
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It  only  remains  to  add  that  there  is  sometimes  a  further 
complication.  If  the  rock  be  very  porous  and  permeable  by 
waler,  it  may  happen  that  tlie  original  shell  is  entirely  dissolved 
away,  leaving  the  interior  cast  loose,  like  the  kernel  of  a  nut, 
within  the  case  formed  by  the  exterior  cast.  Or  it  may  happen 
that  subsequent  to  the  attainment  of  this  state  of  things,  the 
space  thus  left  vacant  between  the  interior  and  exterior  cast— 
the  space,  that  is,  formerly  occupied  by  the  shell  itself — may 
be  filled  up  by  some  foreign  mineral  deposited  tlicre  by  the 
infiltration  of  water.  In  this  last  case  the  splitting  open  of  the 
rock  would  re\'eal  an  interior  cast,  an  exterior  cast,  and  finally 
a  body  which  would  have  the  exact  form  of  the  original  shell, 
but  which  would  be  really  a  much  later  formation^  and  which 
would  not  exhibit  under  the  microscope  the  minute  structure 
of  shell. 

In  the  third  class  of  cases  we  have  fossils  which  present  with  the 
greatest  accuracy  the  external  form»  and  even  sometimes  the  in- 
ternal minute  structure,  of  the  original  organic  body,  but  which* 
nevertheless,  are  not  themselves  truly  organic,  but  have  been 
formed  by  a  "  replacement  "  of  the  particles  of  the  primitive 
organism  by  some  mineral  substance.  The  most  elegant  ex- 
ample of  this  is  afforded  by  fossil  wood  which  has  been  "  silici- 
fied  "  or  converted  into  flint.  In  this  case  we  have  a  piece  of 
fossil  wood,  which  presents  the  rings  of  growth  and  fibrous 
stnicture  of  wood,  and  which  under  the  microscope  exhibits 
even  the  minutest  vessels  which  characterise  ligneous  tissue. 
The  whole,  however,  instead  of  being  compose*!  of  the  original 
carbonaceous  matter  of  the  wood,  is  now  converted  into  pure 
fiint.  The  only  explanation  which  can  be  given  of  this  by  no 
means  very  rare  phenomenon,  is  that  tlie  wood  must  have 
undergone  a  slow  process  of  decay  in  water  holding  silica  or 
flint  in  solution.  As  each  particle  of  the  wood  was  removed 
by  decay,  its  place  was  taken  by  a  particle  of  Hint  deposited 
from  the  surrounding  water,  till  ultimately  the  entire  wood  was 
silicified.  The  replacing  substance  is  by  no  means  necessarily 
flint,  but  may  be  iron-pyrites,  oxide  of  iron,  sulphur,  &c. ;  and  it 
is  not  uncommon  to  find  many  other  fossils  besides  wood  pre- 
served in  this  way,  such  as  shells,  corals,  or  sponges. 


Definition  of  Rock, 

The  crust  of  the  earth  consists  of  various  different  materials, 
produced  at  different  successive  periods,  occupying  certain 
definite  spaces,  and  not  confusedly  mixed  together,  but,  on  the 
contrary,  exhibiting  a  definite  and  discoverable  order  of  arrange- 


CLASSIFICATION  OF  ROCKS. 


All  these  materials,  however  different  in  appearance, 
ttrture,  or  mineral  composition,  are  called  "rocks"  by  the 
j'eologist.  The  term  "  rock,"  then,  is  to  be  understood  as  aj>- 
plying  to  ali  the  materials  which  compose  the  crust  of  the 
In  the  language  of  geology,  the  finest  mud,  the  loosest 
tand  the  most  incoherent  gravel,  are  just  as  much  rocks  as 
the  hardest  and  most  compact  granites  or  limestones. 

Classification  of  Rocks. 

For  the  purposes  of  the  palaeontologist  all  the  rocks  which 
«mer  into  the  composition  of  the  solid  exterior  of  the  earth 
nay  be  divided  into  two  great  classes: — i.  The  Igneous 
Rficb,  which  are  formed  within  the  body  of  the  earth  itself, 
and  which  owe  their  structure  and  origin  to  the  action  of  heat; 
and  :,  the  Aqueous  or  Sedimentary  Rocks,  which  are  formed 
i\  the  surface  of  the  earth,  and  which  owe  their  structure  and 
ongin  to  the  mechanical  action  of  water.  The  Igneous  Rocks 
arcfonned  below  the  surface  of  the  earth,  are  as  a  general  rule 
destitute  of  organic  remains  or  fossils,  and  are  mostly  in  the 
ibnn  of  unstraiifieJ  masses.  The  Aqueous  and  Sedimentary 
Rocks  are  formed  at  the  surface  by  the  disintegration  and  re- 
constniclion  of  previously  existing  rocks,  are  mostly  fossilifcr- 
<?as,aDd  are  straiificd — />.,  are  arranged  in  distinct  layers  or 
"strata."  The  Sedimentary  Rocks,  as  containing  fossils,  are  the 
only  rocks  which  it  is  essential  for  the  palaeontologist  to  be 
icquainicd  with,  and  we  shall  very  briefly  consider  their  lead- 
ing physical  characters,  their  chief  varieties,  their  mode  of  ori- 
gin, and  their  historical  succession. 


CHAPTER  II. 
SEDIMENTARY  ROCKS. 


The  Sedimentary  or  Fossiliferous  Rocks  form  the  greater  por- 
tion of  that  part  of  the  earth's  crust  which  is  open  to  our 
examination,  and  aie  distinguished  by  the  fact  that  they  are 
negularly  "  stratified,'*  or  arranged  in  distinct  and  definite  layers 
fr  "strata-"  These  layers  may  consist  of  a  single  material, 
IS  in  a  block  of  sandstone,  or  they  may  consist  of  different 
Mlcrials.  AVhcn  examined  on  a  large  scale,  they  are  always 
Kmd  to  consist  of  alternations  of  layers  of  different  mineial 
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composition.  We  may  examine  any  given  area,  and  find  in  it 
nothing  but  one  kind  of  rock — sandstone,  perhaps,  or  lime- 
stone, lu  all  ca&es,  however,  if  we  extend  our  examination 
suftrciently  far,  we  shall  ultimately  come  upon  different  rocks; 
and,  as  a  general  rule^  the  thickness  of  any  particular  set  of 
beds  is  comparatively  small,  so  that  different  kinds  of  rock 
alternate  with  one  another  in  comparatively  small  spaces. 

As  regards  the  origin  of  the  Sedimentary  Rocks,  they  are 
for  the  most  part  **  derivative*'  rocks,  being  derived  from  the 
wear  and  tear  of  pre-existent  rock.  Sometimes,  however,  they 
owe  their  origin  to  chemical  or  vital  action,  when  they  would 
more  properly  be  spokenofsimpiyas  Aqueous  Rocks.  As  to  their 
mode  of  deposition,  we  are  enabled  to  infer  that  the  materials 
which  compose  them  have  formerly  been  spread  out  by  the 
action  of  water,  from  what  we  see  going  on  every  day  at  the 
mouths  of  our  great'rivers,  and  on  a  smaller  scale  wherever  there 
is  running  water.  Every  stream,  where  it  runs  into  a  lake  or 
into  the  sea,  c^arries  with  it  a  burden  of  mud,  sand,  and  rounded 
pebble*,  derived  from  the  waste  of  the  rocks  which  form  its  bed 
and  banks.  When  these  materials  cease  to  be  impelled  by  the 
force  of  the  moving  water  they  sink  to  the  bottom,  the  heanest 
pebbles,  of  course,  sinking  first,  the  smaller  pebbles  and  sand 
next,  and  the  finest  mud  last.  Ultimately,  therefore,  as  might 
have  been  inferred  upon  theoretical  grounds,  and  as  is  proved 
by  practical  experience,  every  lake  becomes  a  receptacle  for  a 
series  of  stratified  rocks  produced  by  the  streams  Sowing  into 
it.  These  deposits  may  vary  in  ditferent  parts  of  the  lake, 
according  as  one  stream  brought  down  one  kind  of  material 
and  another  stream  contributed  another  material  ;  but  in  all 
cases  the  materials  will  bear  ample  evidence  that  they  were 
produced,  sorted,  and  deposited  by  running  water.  'J'he  finer 
beds  of  clay  or  sand  will  all  be  arranged  in  thicker  or  thinner 
layers  or  lamina;  ;  and  if  there  are  any  beils  of  pebbles  these  will 
all  be  rounded  or  smooth,  just  like  the  water-worn  pebbles  of 
any  brook-course.  In  all  probability,  also,  we  should  find  in 
some  of  the  beds  the  remains  of  fresh-water  shells  or  plants  or 
other  organisms  which  inhabited  the  lake  at  the  time  these 
beds  were  being  deposited. 

In  the  same  way  large  rivers — such  as  the  Ganges  Ot 
Mississijipi — deposit  all  the  materials  which  they  bring  down  at 
their  mouths,  fonning  in  this  way  their  "deltas."  AVhencvet 
such  a  delta  is  cut  through,  either  by  man  or  by  some  channel 
of  the  river  altering  its  course,  we  find  that  it  is  composed  of  a 
succession  of  horizontal  layers  or  strata  of  sand  or  mud,  varying 
in  mineral  composition,  in  structure,  or  in  grain,  according  to 
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the  nature  of  the  materials  brought  down  by  the  river  at 
different  periods.  Such  deltas,  also,  will  contain  the  remains 
of  animals  which  inhabit  the  river,  with  fragments  of  the  plants 
which  grew  on  its  banks,  or  bones  of  the  animals  which  lived 
in  its  basin. 

Lastly,  the  sea  itself — irrespective  of  the  materials  delivered 
into  it  by  rivers — is  constantly  preparing  fresh  stratified  de- 
posits by  its  own  action.  Upon  every  coast-line  the  sea  is 
constantly  eating  back  into  the  land  and  reducing  its  compo- 
nent rocks  to  form  the  shingle  and  sand  which  we  see  upon 
every  shore.  The  materials  thus  produced  are  not,  however, 
lost,  but  are  ultimalely  deposited  elsewhere  in  the  form  of  new 
stratified  accumulations,  in  which  are  buried  the  remains  of 
animals  inhabiting  the  sea  at  the  time. 

Whenever,  then,  we  find  anywhere  in  the  interior  of  the  land 
any  series  of  beds  having  these  characters — composed,  that  is, 
of  distinct  layers,  the  particles  of  which,  both  large  and  small, 
show  distinct  traces  of  the  wearing  action  of  water — whenever 
and  wherever  we  lind  such  rocks,  we  are  justified  in  assuming 
that  they  have  been  deposited  by  water  in  the  manner  above 
mentioned.  Either  they  were  laid  down  in  some  former  lake 
by  the  combined  action  of  the  streams  which  flowed  into  it ; 
or  they  were  deposited  at  tlie  mouth  of  some  ancient  river, 
forming  its  delta ;  or  they  were  laid  down  at  the  bottom  of  the 
ocean.  In  the  first  two  cases,  any  fossils  which  the  beds 
might  contain  would  be  the  remains  of  fresh-water  or  terres- 
trial organisms.  In  the  last  case,  the  majority,  at  any  rate,  of 
Ihe  fossils  would  be  the  remains  of  marine  animals. 

The  term  "formation"  is  employed  by  geologists  to  express 
"any  group  of  rocks  which  have  some  character  in  common, 
whether  of  origin,  age,  or  composition"  (Lyell}j  so  that  we 
may  speak  of  stratified  and  unstratified  formations,  aqueous 
or  igneous  formations,  fresh-water  or  marine  formations,  and 
■soon. 

^V        Chief  Divisions  of  the  Aqueous  Rocks. 

^Khe  Aqueous  Rocks  maybe  divided  into  t^vo  great  sections, 
the  Mechanically-formed  and  the  ChemicaUy-fnrmed,  includ- 
\n^  under  the  last  head  all  rocks  which  owe  their  origin  to 
vital  action,  as  well  as  those  produced  by  ordinary  chemical 
agencies. 

A.  Mecha>"icallv-formed  Rocks. — These  are  all  those 
Aqueous  Rocks  of  which  we  can  obtain  proofs  that  their 
particles  have  been  mechanically  transported  to  their  present 
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site.  Thus,  if  we  examine  apiece  of  conglomerate  orpuddii 
stone,  we  find  it  to  be  composed  of  a  number  of  rounded 
pebbles  embedded  in  an  enveloping  paste  or  matrix.  The 
pebbles  are  worn  and  rounded,  and  thus  show  that  they  have 
been  subjected  to  much  mechanical  attrition,  whilst  they  have 
been  mechanically  transported  for  a  greater  or  less  distance 
from  the  rock  of  which  they  originally  formed  part  In  the 
case  of  an  ordinary  sandstone,  the  component  ^ains  of  sand 
are  equally  the  result  of  mechanical  attrition,  and  have  been 
equally  transported  from  a  distance.  In  the  case  of  still  finer 
rocks,  such  as  shale,  the  particles  have  been  so  much  watei^ 
worn  that  their  source  cannot  be  recognised,  though  a  micro- 
scopical examination  would  reveal  that  their  edges  were  all 
worn  and  rounded.  It  follows  from  this  that  themechajiically- 
formed  Aqueous  Rocks  are  such  as  can  be  proved  to  have  been 
derived  from  the  abrasion  of  other  pre-existent  rock :  hence 
they  are  often  spoken  of  as  "  Derivative  Rocks."  Every  bed, 
therefore,  of  any  mechanically-formed  rock,  is  an  exact  ecpiivap 
lent  of  a  corresponding  amount  of  destruction  of  some  older 
rock. 

The  Mechanically-formed  Rocks  may  be  divided  into  the 
two  groups  of  the  Arenaceous  or  Siliceous  Rocks,  and  ihe 
.\rgillaceous  or  .'Vluminous  Rocks.  In  the  Arenaceous  group 
are  those  Aqueous  Rocks  which  are  mainly  composed  of 
smaller  or  larger  grains  of  flint  or  silica.  The  chief  varieties 
are  the  various  kinds  of  sand  and  sandstone,  grits,  and  most 
conglomerates  and  breccias.  In  the  Argillaceous  group  axe 
those  Aqueous  Rocks  which  contain  a  certain  amount  of  clay 
or  hydrated  silicate  of  alumina.  Under  this  head  come  clays, 
shales,  marls,  clay-slate,  and  most  flags  or  flag-stones. 

B.  Chemically-formed  Rock.s. — In  this  section  are  com- 
prised all  those  Aqueous  Rocks  which  have  been  formed  by 
chemical  agencies.  As  many  of  these  chemical  agencies,  how- 
ever, are  exerted  through  the  medium  of  living  beings,  whether 
animals  or  plants,  we  get  into  this  section  a  number  of  what 
may  be  called  "  organically-formed"  rocks.  The  most  imi>ort- 
ant  of  the  Chemically-formed  Rocks  are  the  so-called  Calcare- 
ous Rocks,  comprising  all  those  which  contain  a  large  propor- 
tion of  carbonate  oflin»|ltorare  wholly  made  up  of  this  substance. 
We  may  also  shortly  notice  coal  and  gj'psum. 

Chalk  is  merely  a  limestone  which  is  soft  and  pulverulent, 
with  an  earthy  fracture.  It  is  nearly  pore  carbonate  of  lime, 
and  is  to  a  great  extent  an  organically-formed  rock,  consisting 
maitdy  of  the  minute  calcareous  shells  G>i  Faramini/era^  y>\\ 
•^he  calcareous  shells  of  molluscs,  sea  urchins,  sea-mosses,  ai 
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the  like.  The  nearest  approach  which  we  have  at  the  present 
day  to  chalk  is  probably  10  be  found  iu  the  deposit  called  "ooze," 
which  forms  a  considerable  portion  of  the  bed  of  the  deep  At- 
lantic, and  which  will  be  aftenvards  noticed  at  greater  length. 

Limestone  is  a  hard  and  compact  rock,  and  its  many 
varieties  are  formed  in  different  ways,  and  differ  from  one 
another  in  more  or  less  important  points.  Though  the  sea 
contains  carbonate  of  lime  in  solution,  no  marine  limestones 
appear  to  be  formed  by  chemical  agency  alone,  but  in  all  these 
the  lime  is  abstracted  from  the  sea-water  by  the  agency  of 
marine  animals.  Primarily,  therefore,  marine  limestones  are 
organically-fonued  rocks,  consisting  almost  entirely  of  corals, 
shells,  Crinoids,  and  other  calcareous  organisms.  Siirh  lime- 
stones may  fairly  be  compared  to  the  great  coral-reefs  of  the 
Pacific  and  other  warm  seas.  It  is  to  be  remembered,  bow- 
ever,  that  many  marine  limestones  are  secondarily  mechani- 
cally-formed rocks.  In  these  cases,  the  calcareous  matter  of 
the  rock  has  been  originally  separated  by  living  beings,  but 
has  then  been  transported  by  the  waves,  or  by  currents,  to 
certain  localities  at  a  distance,  where  it  has  been  heaped  up  to 
form  a  bed  of  limestone. 

Other  limestone  deposits,  such  as  the  stalactites  and  stalag- 
mites of  caves,  and  the  "calcareous  tufa"  and  *' travertine  "  of 
some  hot  springs,  are  purely  chemical  in  their  origin,  and  owe 
nothing  to  the  operation  of  living  beings. 

Gypsum,  in  chemical  composition,  consists  of  sulphuric  acid 
in  combination  with  lime  and  two  atoms  of  water;  or,  in  other 
words,  it  is  a  hydrated  sulphate  of  Hme.  It  commonly  occurs 
as  a  whitish  or  yellowish-white  rock,  something  like  loaf-sugar 
to  look  at,  generally  arranged  in  distinct  beds,  but  sometimes 
in  irregular  cakes  or  veins.  It  is  palEontologically  important 
as  occasionally  yielding  well -preserved  fossils;  but  its  exact 
mode  of  origin  has  not  yet  been  fully  worked  out. 

Coal  is,  in  all  those  forms  to  which  the  name  would  ordin- 
arily be  applied,  an  organically-formed  rock,  and  may  be  re- 
garded as  formed  of  compressed  vegetable  matter.  In  all  its 
varieties — such  as  bituminous  coal,  anthracite,  and  lignite  or 
brown  coal, — it  approximates  more  or  less  closely  in  chemical 
composition  to  wood.  It  consists,  namely,  of  from  seventy 
to  eighty  per  cent  of  pure  carbon,  with  var}'ing  (quantities 
of  hydrogen  and  oxygen,  and  a  small  amount  of  earthy  or 
mineral  matter  which  constitutes  the  ash.  All  coals  occur  in 
the  form  of  beds,  intercalated  with  other  stratified  rocks  ;  and 
there  are  innumerable  gradations  between  pure  coal,  earthy 
coal,  and  carbonaceous  shale,  till  we  reach  ordinar)'  shale. 


INTRODUCTION. 


Different  Aces  of  the  Aqueous  Rocks 

The  two  principal  tests  by  which  the  age  of  any  parti' 
bed,  or  group  of  beds>  may  be  determined,  are  sui)eq)osiiion 
and  organic  remains — a  third  test  sometimes  being  afibrded  by 
mineral  characters.  The  first  and  most  obvious  test  of  the 
age  of  any  aqueous  rock  is  its  relative  position  to  other  rocks. 
Any  bed  or  set  of  beds  of  sedimentary  origin  is  obviously  and 
necessarily  older  than  all  the  strata  which  surmount  it,  and 
younger  than  all  those  upon  which  it  rests.  It  is  to  be  remem- 
bered, however,  that  supeqjosition  c^n  at  best  give  us  but  the 
rciative  age  of  a  bed  as  compared  with  other  beds  of  the  same 
region.  It  cannot  give  us  the  absolute  age  of  any  bed  ;  and  if 
we  are  ignorant  of  the  age  of  any  of  the  beds  with  which  we 
may  be  dealing,  we  have  to  a[)peal  to  other  tests  to  learn 
more  than  the  mere  order  of  succession  in  the  particular 
region  under  examination. 

The  second,  and  in  the  long-run  more  available,  test  of  the 
ages  of  the  different  sedimentary  beds,  is  that  afforded  by  their 
organic  remains.  Still,  this  test  is  also  by  no  means  univer- 
sally applicable,  nor  in  all  cases  absolutely  conclusive.  Many 
aqueous  rocks  are  unfossiliferous  tlirougli  a  thickness  of 
hundreds,  or  even  thousands,  of  feet  of  little  altered  sediments; 
and  even  amongst  beds  which  do  contain  fossils,  we  often 
meet  with  strata  of  a  few  feet  or  yards  in  thickness,  which  arc 
wholly  destitute  of  any  traces  of  life.  Many  fossils,  again, 
range  vertically  through  many  groups  of  strata,  and  in  some 
cases  even  through  several  formations.  Such  fossils,  there- 
fore, if  occurring  by  themselves,  or  considered  apart  from 
other  associated  organisms,  are  not  conclusive  as  to  the  age  of 
any  particular  set  of  beds.  As  the  result,  however,  of  com- 
bined pala;ontological  and  geological  researches,  it  is  now  pos- 
sible fur  us  to  divide  the  entire  series  of  stratified  deposits  into 
a  number  of  definite  rock-groups  or  formations,  each  of  which 
is  characterised  by  possessing  an  assemblage  of  organic 
remains  which  do  not  occur  in  association  in  any  other 
formation.  Such  an  assemblage  of  fossils,  characteristic  of 
any  given  formation,  represents  the  life  of  the  particular  period 
in  which  the  formation  was  deposited.  It  follows  from  this, 
that  whenever  we  can  get  a  group  or  collection  of  fossils  from 
any  particular  bed  or  set  of  beds,  there  is  rarely  any  difficulty 
in  determining  the  precise  geological  horizon  of  the  beds  in 
which  the  fossils  occur. 

With  certain  limitations,  however,  we  may  go  much  further 
than  this.     Not  only  are  the  great  formations  characterised  by 
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Special  and  characteristic  assemblages  of  animals  and  plants ; 
but,  in  a  general  way,  each  subdivision  of  each  formation  has 
its  own  peculiar  fossils,  by  which  it  may  be  recognised  by 
a  skilletl  worker  in  palaeontology.  Whenever,  for  instance, 
we  meet  in  Britain  with  the  fossils  known  as  Graptolites^  we 
may  be  sure  that  we  are  dealing  with  Silurian  Rocks.  We 
may,  however,  go  much  further  than  this.  If  the  Graptolites 
belong  to  certain  genera,  we  may  be  sure  that  we  are  dealing 
with  Louder  Silurian  Rocks.  Furthermore,  if  certain  special 
forms  are  present,  we  may  be  even  able  to  say  to  what  exact 
part  or  subdivision  of  the  Lower  Silurian  series  they  belong. 

All  these  conciusions,  however,  would  have  to  be  accom- 
panietl  by  a  tacit  but  well-understood  reservation.  No  Grap- 
tolites have  ever  been  found  in  Britain  ovit  of  rocks  known 
upon  other  grounds  to  be  Silurian  ;  but  there  is  no  reason  why 
they  might  not  at  any  time  be  found  in  younger  deposits.  In 
the  same  way,  the  species  and  genera  which  we  now  regard  as 
characteristic  of  the  Lower  Silurians,  might  at  any  time  be 
found  to  have  survived  into  the  Upper  Silurian  period.  W'e 
should  never  forget»  therefore,  in  determining  the  age  of  a  rock 
by  pala;ontological  evidence  alone,  that  we  are  always  reason- 
ing upon  generalisations  which  are  the  result  of  experience 
alone,  and  which  may  at  any  time  be  overthrown  by  fresh 
discoveries. 

Chronological  Succession  of  the  Aqueous  Rocks. 

As  the  result  of  observations  made  upon  the  superposition  of 
rocks  in  different  localities,  from  their  mineral  characters,  and 
from  their  inchided  fossils,  geologists  have  been  able  to  divide 
the  entire  stratified  series  into  a  number  of  different  divisions 
or  formations,  each  characterised  by  a  g^ural  uniformity  of 
mineral  composition,  and  by  a  special  and  peculiar  assemblage 
of  organic  forms.  Each  of  these  primary  groups  is  in  turn 
divided  into  a  series  of  smaller  divisions,  characterised  and 
distinguished  in  the  same  way.  It  is  not  pretended  for  a  mo- 
ment that  all  these  primary  rock-groups  can  anywhere  be  seen 
surmounting  one  another  regularly.  There  is  no  region  upon 
the  earth  where  all  the  stratified  fonnarions  can  be  seen  to- 
gether ;  and,  even  when  most  of  them  occur  in  the  same 
country,  they  can  nowhere  be  seen  all  succeeding  *each  other 
in  their  regular  and  unintemipted  succession.  The  reason  of 
this  is  obvious.  There  are  many  places — ^to  take  a  single  ex- 
ample— where  one  may  see  the  Silurian  Rocks,  the  Old  Red 
Sandstone,  and  the  Carboniferous  Rocks  succeeding  one  an- 
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Other  regularly,  and  in  their  proper  order.  This  is  because 
the  particular  region  where  this  occurs  was  always  submerged 
beneath  the  sea  while  these  formations  were  being  deposited. 
There  are,  however,  many  more  localities  in  which  one  would 
find  the  Carboniferous  Rocks  resting  unconfonnably  upon  the 
Silurians  without  the  inten'cntion  of  any  strata  which  could  be 
referred  to  the  Old  Red  Sandstone.  This  might  arisie  from 
one  of  two  causes  :  i.  The  Silurians  might  have  been  elevated 
above  the  sea  immediately  after  their  deposition,  so  as  to  form 
dry  land  during  the  whole  of  the  Old  Red  period,  in  which 
case,  of  course,  no  strata  of  the  age  of  the  Old  Red  Sandstone 
could  possibly  be  deposited.  2.  The  Old  Red  Sandstone  might 
have  been  deposited  upon  the  Silurian,  and  then  the  whole 
might  have  been  elevated  above  the  sea,  and  subjected  to  an 
amount  of  denudation  sufficient  to  remove  the  Old  Red  Sand- 
stone entirety.  In  this  case,  when  the  land  was  again  sub- 
merged, the  Carboniferous  Rocks,  or  any  younger  formation, 
might  be  deposited  directly  upon  Silurian  strata.  From  one 
or  other  of  these  causes,  then,  or  from  subsequent  disturbances 
and  dcn\idations,  it  happens  that  we  can  rarely  find  many  of 
the  primar)*  formations  following  one  another  consecutively 
and  in  their  regtilar  order. 

In  no  case,  however,  <\o  we  ever  find  the  Old  Red  Sand- 
stone resting  upon  the  Carboniferous,  or  the  Silurian  Rocks 
reposing  on  the  Old  Red.  We  have  therefore,  by  a  com- 
parison of  many  different  areas,  an  established  order  of  succes- 
sion of  the  stratified  formations,  as  shown  in  the  subjoined 
ideal  section  of  the  crust  of  the  earth  {fig.  2). 

The  main  subdivisions  of  the  Stratified  Rocks  are  known 
the  following  names : — 

1.  Laurentian. 

2.  Cambrian  (with  Huronian?). 

3.  Sihirian. 

4.  Devonian  or  Old  Red  Sandstone. 

5.  Carboniferous. 

6.  Permian  ) 

7.  Triassic  J 

8.  Jurassic  or  Oolitic, 

9.  Cretaceous, 
10.  Eocene. 

•  II.  Miocene. 

12.  Pliocene. 

13.  Post-tertiary. 


New  Red  Sandstone. 
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Ideal  Section  of  the  Crust  of  the  Karth. 

Tig,  a. 


y    rost-tcrtiary  and  Reccni. 


Cretaceous. 


Oolitic  or  Jurassic. 


CorboDiferous. 
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Silurian. 


'     Cambrian. 


iluronian. 


Umrentian. 
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Of  these  primaiy  groups,  the  Laurentian,  Cambrian,  Silu- 
rian, Devonian,  Carboniferous,  and  Pennian  are  collectively 
grouped  together  under  the  name  of  Primary  or  Paiaozok 
Rocks  (Gr.  pa/aios,  ancient ;  zocy  life)^  because  of  the  entire 
divergence  of  their  animals  and  plants  from  any  now  existing 
upon  the  globe.  The  Triassic,  Jurassic,  and  Cretaceous 
systems  are  grouped  together  as  the  SecVftt/ary  or  M^soiok 
formations  (Gr.  mesos^  intermediate ;  zof,  life),  because  thdf 
organic  remains  are  intermediate  betAvecn  those  of  the  Pal- 
seozoic  period,  and  those  of  more  modem  strata.  The  Eocene, 
Miocene,  Pliocene.  andPost-tertiaryRocks  are  grouped  together 
under  the  head  of  Tertiary  or  Kainozoic  Rocks  (Or.  kaitws,  new; 
z(fe^  life),  because  their  organic  remains  approximate  in  char- 
acter to  those  now  e.\isting  upon  the  globe. 
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CONTEMPORAXFJTY   OF  STRATA    AND 
GEOLOGICAL  CONTINUITY. 

When  groups  of  beds  in  different  parts  of  the  earth's 
however  widely  separated  from  one  another,  contain  the  same 
fossils,  or  rather  an  assemblage  of  fossils  in  which  many  iden- 
tical forms  occur,  they  are  ordinarily  said  to  be  "  contempora- 
neous;" that  is  to  say,  they  are  ordinarily  su]>posed  to  belong 
to  the  same  geological  period,  and  to  have  been  formed  at  the 
same  time  in  the  history  of  the  earth.  They  would  therefore 
be  unhesitatingly  regarded  as  "geological  equivalents,"  and 
would  be  classed  as  Silurian,  Devonian,  Carboniferous,  and  so 
on.  It  is  to  be  remembered,  however,  that  it  is  not  necessary, 
to  establish  such  a  degree  of  equivalency  between  widely 
separated  groups  of  strata,  that  the  fossils  of  each  should  be 
to  any  great  extent  sptcificaliy  identical.  It  is  sufficient  that» 
whilst  some  few  species  are  idenrical  in  both^  the  majority  of 
the  fossils  should  be  "representative  forms,"  or,  in  other  words, 
nearly  allied  species.  It  will  be  shown,  however,  that  groups 
of  strata  widely  removed  from  one  another  in  ]>oint  of  distance 
can  only  exceptionally  be  "contemporaneous,"  in  the  strict 
sense  of  this  term.  On  the  contrar}',  in  so  far  as  we  can  judge 
from  the  known  facts  of  the  present  distribution  of  living  beinj 
the  occurrence  of  exactly  the  same  fossils  in  beds  far  removt 
from  one  another  is  J*rimd  facit  evidence,  that  the  strata 
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not  exactly  contemporaneous,  but  that  they  succeeded  one 
another  in  point  of  time,  though  by  no  long  interval  geologi- 
cally speaking. 

Most  of  the  facts  bearing  upon  this  question  may  be  elicited 
by  a  consideration  of  such  a  widely  extended  and  well-known 
formation  as  the  Mountain  Linieiiilone  or  Sub-Carboniferous 
Limestone,      This   formation   occurs  in   localities  as  remote 
from  one  another  as   Europe,  Central  Asia,  North  America, 
South  America,  and  Australia ;   and  it  is  characterised  by  an 
assemblage  of  well-marked  fossils,  amongst  which  Brachiopods 
belonging  to  the  genus  Froducta  may  be  specially  singled  out. 
Now,  if  we  believe  that  the  Carboniferous  Limestone  in  all 
these  widely  distant  localities  was  strictly  coniem])oraneous, 
we  should  be  compelled  to  admit  the  existence  of  an  ocean 
embracing  all  these  points,  and,  in  spite  of  its  enormous  ex- 
tent, so  uniform  in  temperature,  depth,  and  the  other  condi- 
tions of  marine  life,  that  beings  either  the  same  or  very  nearly 
the  same  inhabited  it  from  end  to  end.     We  can,  however, 
point  to  no  such  uniformity  of  conditions  and  consequent  uni- 
ibrmity  of  life  over  any  such  vast  area  at  the  present  day  ;  and 
we  have   therefore  no  right  to   assume  that  this  is  the  true 
explanation   of  the   facts.      Indeed,    this   explanation   would 
almost  necessarily  lead  us  to  the  now  abandoned  theor)'  that 
each  period  in  geological  history  was  characterised  by  a  special 
group  of  organisms  spreading  over  the  whole  globe,  and  that 
there  took  place  at  the  close  of  each  period  a  general  destruc- 
tion of  all  existing  forms  of  life,  and  a  fresh  creation  of  the  new 
forms  characteristic  of  the  next  period. 

In  our  inability,  then,  to  accept  this  view,  we  must  seek  for 
some  other  explanation  of  the  observed  facts.  The  most  pro- 
bable view,  and  the  one  which  is  supported  most  strongly  both 
by  what  we  see  at  the  present  day  and  by  what  we  learn  from 
numerous  examples  in  past  time,  is  this :— The  Carboniferous 
Limestone  was  not  deposited  all  over  the  world  in  one  given 
period,  by  one  sea.  or  at  exactly  the  same  time  ;  so  that  it 
cannot  be  said  to  be  strictly  **  contemporaneous"  wherever  it 
is  found.  This  would  imply  a  uniformity  of  conditions  over 
^"ast  distances,  such  as  exists  nowhere  at  the  present  day,  and 
such  as  we  have  no  right  to  assume  ever  existed.  On  the 
contrary,  the  defMJsilion  of  the  Carboniferous  himestone  must 
Iwve  first  taken  place  in  one  comparatively  limited  area — say 
in  Europe — where  fitting  conditions  were  present  both  for  the 
3u»imals  which  characterise  it,  and  for  the  formation  of  beds  of 
Its  peculiar  mineral  and  physical  characters.  How  wide  this 
area  may  have  been,  signifies  very  litde.    It  may  have  been  as 
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large  as  the  area  now  covered  by  the  Pacific,  or  larger,  and  yet 
it  could  not  include  all  those  localities  in  which  strata  of  Car- 
boniferous age  with  identical  or  representitive  fossils  arc 
already  known  to  exist.  At  the  close  of  the  deposition  of 
the  Carboniferous  Limestone  in  its  original  area,  the  condi- 
tions there  present  must  be  su[>])osed  to  have  become  unsuit- 
able for  the  further  existence  in  that  area  of  the  assemblage  of 
animals  which  had  been  its  inhabitants,  or,  at  any  rate,  lor  a 
great  many  of  them.  The  change  from  suitable  to  unsuitable 
conditions  must,  it  is  hardly  necessary  to  say,  have  been  an 
extremely  slow  and  gradual  one  ;  and  would  doubtless  be  con- 
nected with  the  progressive  shallowing  of  the  sea,  the  diversion 
of  old  currents  of  heated  water  or  the  incoming  of  new  currents 
of  cold  water,  or  other  physical  changes  tending  to  alter  the 
climatic  conditions  of  the  area.  What,  then,  would  be  the 
effect  of  such  a  change  of  conditions  as  we  have  supposed 
upon  the  animals  inhabiting  the  area?  a.  Some  of  them 
would,  doubtless,  be  sufficiently  hardy  and  accommodating  to 
bear  up  under  the  new  state  of  things ;  and  these  would  per- 
sist into  the  ensuing  period,  without  any  perceptible  change,  it 
might  be,  or  more  probal>ly  in  the  form  of  varieties  or  species 
allied  to  ihe  old  ones.  In  this  case,  therefore,  we  should  get 
a  certain  number  of  species  which  would  pass  from  the  Car- 
boniferous Limestone  up  into  the  Yoredale  Series,  the  MiD- 
stone  Grit  or  the  Coal-measures  j  or,  if  we  did  not  find  any 
species  exactly  the  same  in  all  these  groups,  we  should  still  find 
in  the  later  groups  some  forms  which  would  be  varieties  of  those 
of  the  older^  or  which  would  be  allied  or  representative  species, 

^.  There  would,  in  the  second  place,  be  a  certain  number  of 
species  which  would  be  utterly  unable  to  withstand  the  altered 
conditions  of  the  area;  and  these  would  gradually  die  out  and 
become  wholly  extinct.  We  should  thus  get  a  certain  numl 
of  fossils  which  would  be  either  exclusively  confined  to  tl 
Carboniferous  Limestone  in  general,  or  which,  perhaps,  might 
not  be  found  out  of  the  Carboniferous  Limestone  of  a  single 
region,  or  even  a  single  particular  locality. 

c  Lastly,  some  s]Decies  would  yield  so  far  to  the  altered 
conditions  of  the  area  that  they  would  *' migrate, '^  and 
elsewhere  a  more  congenial  home.  This  term  is  apt  to  convcf 
false  impressions  ;  and  it  will  be  well  here  to  consider  what  is 
meant  by  the  "migration"  of  species  or  groups  of  animals,  ll 
is  quite  obvious  that  only  animals  like  birds,  mammals,  insect 
&c.,  which  enjoy  when  grovm  up  the  power  of  active  locoi 
tion,  can  actually  "migrate"  in  i>erson,  supposing  ihey  fii 
themselves  placed  imder  unfavourable  conditions.     There 
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many  animals,  however,  such  as  most  shell-fish,  corals,  sea- 
urchins,  &c.,  which  have,  when  adult,  either  no  power  of  chang- 
ing their  place,  or  at  best  a  very  limited  one.  Still  in  these 
rases  even,  though  the  individual  has  no  means  of  removing 
histjuarlers  to  some  more  favoured  spot,  there  may  be  a  ''migra- 
tion "  of  the  species  from  an  unsuitable  to  a  suitable  locality. 
This  is  effected  through  the  medium  of  \\\^  youngs  which  have 
the  power  of  choosing  where  they  will  settle,  and  are  endowed 
with  vigorous  powers  of  locomotion.  If,  for  example,  a  bed  of 
oysters  should  become  placed  under  conditions  unsuitable  for 
the  development  of  these  molluscs,  it  is  clear  that  the  old 
oysters  cannot  change  their  location.  The  young  oysters, 
however,  swim  about  freely;  and  these  will  move  away  from  the 
original  bed  till  they  tind  a  place  which  will  suit  them.  By  a 
repetition  of  this  process  there  may  be  in  course  of  time  a  re- 
TOOval  or  '*  migration  "  of  a  species  to  almost  any  distance,  irre- 
spective of  the  fact  that  the  adult  is  permanently  rooted. 

To  return,  then,  to  the  case  which  we  have  been  consider- 
ing : — When  the  conditions  of  life  in  the  seas  of  the  Carbonifer- 
ous Limestone  became  unfavourable  for  the  further  existence  of 
their  fauna,  some  species  would  migrate  to  a  more  congenial 
area.  In  this  way  a  greater  or  less  number  of  the  species 
characteristic  of  the  Carboniferous  Limestone  would  ultimately 
be  transferred  to  some  other  area.  Here  they  would  mingle 
with  the  forms  already  inhabiting  that  area,  perhaps  more  or 
less  completely  supplanting  these,  perhaps  merely  succeed- 
ing in  maintaining  a  more  or  less  precarious  existence.  In 
either  case,  their  remains  would  be  preserved  in  the  sedimen- 
tary deposits  of  the  new  area.  When,  ages  aftcr^vards,  we  come 
to  ejtamine  the  cnist  of  the  carlh  geologically,  we  should  find 
these  identical  and  characteristic  species  of  fossils  in  the  rocks 
of  the  two  areas,  and  we  should  say — "these  rocks  are  contem- 
poraneous." It  is  clear,  however,  that  we  should  be  wrong  in 
so  saying.  The  rocks  in  question  would  belong  to  the  same 
geological  period,  but  they  would  belong  to  different  stages  of 
the  same  period,  and  they  would  not  be  strictly  contemporan- 
eous. For  deposits  of  this  nature,  believed  to  hold  this  relation 
to  each  other,  the  term  of  **  homotaxeoiis"  has  been  proposed, 
in  place  of  the  term  "  contemporaneous.'* 

What  has  just  been  said  about  the  Carboniferous  Rocks 
would  apply  with  erjual  justice  to  all  the  great  fomiations,  and 
to  many  of  the  smaller  rock-groups  all  over  the  world.  The 
Silurian  Rocks  of  Ktirope,  North  America,  South  America, 
Australia,  &c.,  contain  very  similar  fossils,  and  are  undoubtedly 
'•  homotaxeous."     Nothing,  however,  that  we  see  at  the  present 
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day  can  justify  us  in  believing  that  these  widely  separated  de- 
posits are  strictly  "contemporaneous,"  in  the  sense  that  they 
were  deposited  at  exactly  the  same  period  of  time.  We  should 
have  to  believe,  if  this  conclusion  is  to  be  justified,  that  in  Silu- 
rian times  the  ocean  spread  ovlt  a  much  larger  area  of  the 
earth's  surface  than  it  does  now,  and  that  its  temperature  and 
de[Jth  were  unnaturally  unifonn  ;  and  there  are,  perhaps,  some 
who  would  accept  this  view.  What  has  been  said  about  the  SQu- 
rian  Rocks  as  a  whole  applies  ^A'ith  still  greater  force  to  certain 
of  the  minor  subdivisions  of  the  same,  which  contain  raanyof 
exactly  the  same  specific  forms  in  parts  of  the  globe  ver)' 
widely  removed  from  one  another.  It  is  the  ver\' identit)- of 
the  fossils,  however,  which  proves  that  the  beds  in  question, 
from  their  geographical  position,  cannot  have  been  deposited 
at  exactly  the  same  time,  though  they  doubtless  belong  to  the 
same  period,  and  may  even  be  said  to  be  related  to  one  an- 
other, as  far  as  the  identical  fossils  are  concerned,  by  lineal 
descent  Similar  remarks  might  be  made  about  the  Devonian. 
Permian,  Triassic,  Jurassic,  Cretaceous,  and  other  formations; 
but  it  is  not  necessary  further  to  multiply  examples. 

If  we  consider  the  present  state  of  things  upon  the  globe,  we 
shall  be  further  convinced  of  the  justice  of  these  views,  which 
were  first  [>rominently  brought  forward  by  Professor  Huxlej*. 
If  we  could  suddenly  remove  the  sea  from  the  earth,  we  should 
find  at  various  points  of  the  earth's  surface  deposits  of  different 
kinds,  now  concealed  from  us  by  the  ocean,  or  only  partially 
known  by  drcdgings  or  soundings.  Thus,  we  should  find  vz&l 
accumulations  of  calcareous  matter,  in  the  form  of  coral-rock 
and  coral-reef,  where  now  rolls  the  Pacific  Ocean.  In  high 
northern  and  low  southern  latitudes  we  should  find  great  de- 
posits of  sand  and  mud,  with  angidar  blocks  of  stone,  the 
whole  derived  from  the  ice-clad  regions  of  the  poles.  Over 
vast  areas,  again,  in  the  deep  Atlantic,  we  should  find  an  im- 
palpable chalky  mud,  or  *'ooze."  All  these  different  deposits 
arc  obviously  and  necessarily  "  contemporaneous,"  not  onlvin 
the  geological  acceptation  of  the  word,  but  in  its  most  literal 
sense.  In  spite  of  this  fact  ///rr  would  not  contain  the  iamt 
fossils;  and,  indeed,  they  would  be  characterised  by  organic 
remains  which  would  be  wholly  diiferent  in  each  case.  The 
coral-reefs  of  the  Pacific  would  be  essentially  characterised  by 
the  abundance  of  the  remains  of  reef-building  corals,  though 
they  would  also  present  other  tropical  forms  of  life,  especially 
Brachiopods  and  Echinodcrms.  The  glacia!  mud  of  the  Polar 
regions  would  contain  the  remains  of  Arctic  molluscs,  along 
with  such  other  animals  as  delight  in  severe  cold.     Lastly,  the 
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ooze  of  the  deep  Atlantic  would  contain  innumerable  Foram- 
inifera^  along  with  siliceous  Sjwnges,  Sea-urchins,  and  Crinoids. 
We  learn,  therefore,  from  this,  that  contemporaneous  deposits 
not  only  do  not  necessarily  contain  tliu  same  fossils,  but  that, 
if  widely  separated  geographically,  they  may  be  characterised 
by  wholly  dissimilar  assemblages  of  organisms. 

It  may  happen,  again,  as  pointed  out  by  Sir  Charles  Lycll^ 
that  deposits  belonging  to  different  geographical  and  zoological 
provinces  may,  as  regards  space,  be  nearly  approximated,  and, 
as  regards  time,  may  be  aclualfy  contemporaneous,  and  yet 
may  not  contain  any  fossils  in  common,  or  only  a  very  few.  If, 
for  example,  any  sudden  upheaval  were  to  lay  bare  what  is  now 
the  floor  of  the  Red  Sea  together  with  that  of  the  Mediter- 
ranean, we  should  find  the  two  areas  to  contain  deposits  actu- 
ally synchronous  as  regards  the  time  of  their  deposition,  and 
very  near  to  one  another  in  point  of  distance,  and  yet  contain- 
ing, upon  the  whole,  entirely  distinct  groups  of  organic  remains. 
We  learn,  therefore,  from  this,  that  owing  to  the  existence  of 
geographical  barriers,  it  is  possible  for  contemporaneous  de- 
posits to  be  found  in  close  contiguity,  in  a  single  region,  and 
yet  to  contain  very  diflerent  fossils. 

Again,  we  know  from  the  rtsearches  of  Professors  Carpenter 
and  Wyvillc  Thomson  and  Mr  Gwyn  Jeffreys,  that  deposits  may 
be  formed,  side  by  side,  /;/  a  singU  ocean^  and  may  yet  differ 
from  one  another  altogether,  both  in  mineral  characters  and  in 
their  included  fossils,  though  strictly  contemporaneous  in  point 
of  time.  Thus,  in  parts  of  the  deep  Atlantic  where  the  tem- 
perature of  the  bottom  water  is  comiiaratively  high,  we  have 
the  calcareous  deposit  of  the  ooze,  abounding  iii  Foraminifcra, 
Sponges,  and  Echinodcrms.  In  certain  other  areas  in  the 
same  ocean,  and  in  comparatively  close  contiguity  with  the 
preceding,  we  have  the  temperature  lowered  by  cold  currents, 
and  we  find  a  sandy  deposit  in  process  of  formation,  with  a 
fauna  much  more  scanty  than  that  of  the  ooze,  and  wholly 
distinct  from  it  M'e  thus  learn  that  scdin.entary  deposits  may 
be  strictly  contemporaneous,  and  may  be  placed  very  near  to 
one  another  in  point  of  distance,  and  yet  may  contain  very 
different  fossils. 

Lastly,  s>Tichronous  deposits  necessarily  contain  wholly  dif- 
ferent fossils,  if  one  has  been  deposited  by  fresh  water,  and  the 
other  has  been  laid  down  in  the  sea.  The  fresh-water  deposits 
of  one  period  are  obviously  contemporaneous  with  the  marine 
formations  of  (he  same  period,  and  they  may  not  be  far 
removed  from  one  another  in  point  of  distance,  but  they  must 
contain  altogether  different  organic  remains.     The  former  will 


INTRODUCTION. 

contain  remains  of  the  fresh-water  and  terrestrial  animals 
the  period,  and  of  these  only  ;  whilst  the  latter  \v\\\  principally, 
if  not  exclusively,  be  characterised  by  the  remains  of  marine 
forms  of  life.  In  this  way,  there  is  reason  to  believe,  may  be 
explained  the  dififerences  between  the  fossils  of  the  Old  Red 
Sandstone  and  of  the  Devonian  Rocks,  strictly  so  called.  Both 
are  believed  to  have  been  deposited  in  the  same  geological 
period,  and  to  be  truly  *' contemporaneous ; '■  but  they  do  not 
contain  the  same  fossils.  This  may  be  readily  cx|)hiined,  how- 
ever, if  we  suppose  the  fonncr  to  represent  the  fresh-water 
deposits  of  the  Devonian  period,  or  to  have  been  laid  do\ni  in 
an  inland  sea,  whilst  the  latter  is  the  true  marine  formation 
the  same  period. 

We  arc  now  in  a  position  very  briefly  to  discuss  the  quest! 
of  what  may  be  called  "geological  continuity."  It  has  already 
been  stated  thut  the  cniire  series  of  Fossiliferous  or  Sedi- 
mentary Rocks  may  be  naturally  divided  into  a  certain  num- 
ber of  definite  rock-groups  or  "formations,"  each  of  which  is 
characterised  by  the  possession  of  a  peculiar  and  characteristic 
assemblage  of  fossils,  constituting,  or  rather  representing,  the 

life"  of  the  "period"  in  which  the  formation  was  deposited. 
The  older  geologists  held,  what  probably  every  one  would  be 
tempted  to  think  at  first,  that  the  close  of  each  formation  was 
characterised  by  a  general  destruction  of  the  forms  of  life  of 
the  period,  and  that  the  commencement  of  each  new  fonnation 
was  accompanied  by  the  creation  of  a  number  of  new  animals 
and  plants,  destined  to  figure  as  tlic  characteristic  fossils  of 
the  same.  This  theory,  huwever,  not  only  invokes  forces  and 
processes  which  it  can  in  no  way  account  for,  but  overlooks 
the  fact  that  most  of  the  great  formations  are  separated  by 
lapses  of  time,  unrepresented  perhaps  by  any  deposition  of 
rock,  or  represented  only  in  some  particular  area,  and  yet, 
perhaps,  as  great  as,  or  greater  than,  the  whole  time  occupied 
in  the  production  of  the  formation  itself. 

Nowadays,  most  geologists  hold  that  there  was  no  such 
sudden  destruction  of  life  at  the  close  of  each  great  geological 
epoch,  and  no  such  creation  of  fresh  fonns  at  the  commence- 
ment of  the  next  period.  On  the  contrary,  they  hold  that 
there  is  a  geological  '*  continuity,"  such  as  we  see  in  other 
departments  of  nature,  and  that  the  lines  which  we  draw 
between  the  great  formations  merely  mark  periods  of  time  in 
which  no  rocks  were  laid  down,  or  the  rocks  deposited  in 
which  are  at  present  unknown  to  us. 

What  are  we  to  believe  occurred  at  the  close  of  any  greflt 
geological  period — say,  the  Cretaceous  period  ?     If  wc 
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the  view  that  the  close  of  the  period  was  marked  by  a  sudden 
and  universal  extinction  and  destruction  of  the  characteristic 
Cretaceous  forms  of  life,  there  is  only  one  other  view  which 
we  can  take.  Confining  our  attention  solely  to  those  seas  of  the 
period  of  which  alone  we  know  enough  for  safe  reasoning, 
we  know  that  the  close  of  the  Cretaceous  period  in  Europe 
was  accompanied,  or  rather  caused,  by  an  upheaval  of  the 
Cretaceous  area,  and  an  obliteration  of  the  Cretaceous  sea. 
This  upheaval  was,  of  course,  effected  with  extreme  slowness, 
or,  at  any  rate,  not  suddenly,  and  il  must  liave  completely 
changed  the  lifc-conditions  or  "environment'*  of  the  animals 
whicJi  swarmed  in  the  Cretaceous  seas.  Some  of  these  would 
doubtless  be  unal>le  to  accommodate  themselves  to  their 
altered  surroundings,  and  would  simply  die  out.  Others,  we 
may  presume,  would  mij:^rate  to  some  inore  favourable  area, 
ajid  some  of  these  miyht  accomplish  their  migration  without 
undergoing  any  change.  Most,  however,  of  the  forms  which 
migrated,  in  the  process  of  migration,  and  by  reason  of  coming 
into  contact  with  strange  neighbours  and  untried  conditions, 
would  probably  undergo  more  or  less  modification.  Ulti- 
mately, therefore,  many  characteristic  Cretaceous  forms  might 
be  transferred  to  some  sea  far  distant  from  their  original  home. 
Not  only  so,  but  some  of  the  transferred  species  might  have 
suffered  !«3  much  modification  that  they  would  no  longer  be 
regarded  as  specifically  identical  with  the  original  Cretaceous 
forms,  but  would  be  looked  upon  simply  as  allied  or  "repre- 
sentative" species,  though  really  the  lineal  descendants  of  the 
animals  of  the  Chalk. 

It  is  perfectly  clear  that  the  process  of  rock -deposition 
which  was  going  on  in  Europe  towards  the  close  of  the 
Cretaceous  period  was  not,  and  could  not  be,  abolished  by 
the  elevation  of  the  European  area»  and  the  obliteration  of  the 
Cretaceous  sea,  but  was  simply  trattsftrrtd  to  some  other  area. 
In  this  particular  case,  we  do  not  happen  to  know  where  the 
new  area  of  deposition  may  have  been.  It  is  quite  certain, 
however,  that  in  whatever  area  the  Cretaceous  animals  took 
refuge,  there  rocks  must  have  been  deposited  in  course  of 
time,  as  they  are  in  all  seas,  though  it  does  not  in  the  least 
follow  that  the  rocks  of  this  new  area  should  have  the  smallest 
likeness  in  mineral  composition  to  the  Cretaceous  sediments. 
If  we  should  at  any  lime  discover  these  rocks,  it  may  [iretty 
safely  be  predicted  what  we  should  find  in  them  in  the  way  of 
fossils.  We  should  find,  namely,  some  Cretaceous  species, 
probably  unchanged;  with  these  there  would  be  forms  allied 
to  the  Cretaceous  species,  but  differing  from  them  to  a  greater 
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or  less  extent ;  in  addition,  tliere  would  be  a  certain  proportion 
of  fonns  of  life  wholly  unknown  in  the  Cretaceous  Rocks  ;  and. 
lastly,  there  would  be  a  conspicuous  absence  of  certain  charac- 
teristic species  of  the  Chalk  period.  In  other  words,  such 
deposits  as  we  have  been  speaking  of  would  contain  an  assem- 
blage of  tossils  more  or  less  intermediate  in  character  between 
those  of  the  true  Cretaceous  period  and  those  of  the  lowest 
Tertiary  beds  (Eocene),  which  rest  upon  the  Chalk,  or  they 
would  present  an  intermixlitre  of  Cretaceous  with  Eocene 
types.  In  point  of  fact,  we  have  fragments  of  such  interme- 
diate deposits  (in  the  M^estricht  beds  of  Holland,  the  Pisolitic 
Limestone  of  France,  the  Faxoe  I-imeslone  of  Denmark,  and 
the  Thanet  Sands  of  Britain),  and  we  find  in  iheiu  traces  of 
such  an  intermixture. 

We  may  pause  here  to  consider  how  it  is  that  we  may  never 
hope  to  find  a  complete  series  of  deposits  linking  on  one  great 
formation  to  another,  as,  for  example,  the  Chalk  to  the  Eocene 
Rocks.  In  the  first  place,  only  a  limited  portion  of  the  earth 
has  as  yet  been  properly  examined,  and  we  have  therefore  no 
right  to  expect  that  we  have  as  yet  hit  upon  the  area,  or  areas, 
to  which  the  process  of  rock-forming  was  transferred  at  the 
close  of  the  Cretaceous  period  pro[»er  in  Europe.  ^V'e  have, 
however,  the  full  right  to  expect  that  we  shall  ultimately  find 
formations  which  will  have  to  be  intercalated  in  point  of  time 
between  the  White  Chalk  and  the  Eocene;  and,  as  before 
said,  traces  of  such  are  already  known  to  us.  In  the  second 
place,  we  have  every  reason  to  suppose  that  many  of  these 
intermediate  deposits  have  been  destroyed  at  some  period  sub- 
sequent to  their  formation  by  what  is  technically  called 
*'  denudatioa,"  or,  in  other  words,  by  the  action  of  rain,  rivers, 
ice,  and  the  sea.  In  the  third  place,  many  of  the  missing 
deposits  may  have  been  concealed  since  their  formation  by 
the  deposition  upon  them  of  other  newer  rocks  ;  or  they  may 
be  situated  in  areas  which  are  at  present  covered  by  the 
ocean.  Lastly,  we  must  not  forget  that  there  may  have  be 
times  in  which  great  changes  in  life  were  actively  progress; 
in  areas  in  which  there  might  be  little  or  no  contemporaneo! 
deposition  of  rock,  so  that  the  extreme  terms  of  a  series  might 
be  preserved  to  us  whilst  all  the  intermediate  links  might  have 
escaped  record. 

From  these  and  similar  causes,  it  is  almost  certain  that  we 
shall  never  be  able  to  point  to  a  complete  series  of  deposits 
linking  one  great  geological  period,  such  as  the  Cretaceous,  to 
another,  such  as  the  Eocene.  Still,  we  may  well  have  a  strong 
conviction  that  such  deposits  must  exist,  or  must  have  existed, 
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as  memorials  of,  at  any  rate,  part  of  the  time  which  elapsed 
between  the  close  of  the  one  formation  and  the  commence- 
ment of  the  next.  Upon  any  theory  of  "  evolution/'  at  any 
rate,  it  is  certain  that  there  can  be  no  total  break  in  the  great 
series  of  the  stratified  deposits,  but  that  there  must  have  been 
a  complete  continuity  of  life,  and  a  more  or  less  complete 
continuity  of  deposition,  from  the  Laurentian  period  to  the 
present  day.  I'here  was,  and  could  have  been,  no  such  con- 
tinuity in  any  one  given  area ;  but  the  chain  could  never  have 
been  snapped  at  one  point  and  taken  up  at  a  wholly  difterent 
one.  The  links  must  have  been  forged  in  different  places, 
but  the  chain,  nevertheless,  remained  unbroken.  From  this 
point  of  view,  there  would  be  little  impropriety  in  saying  that 
we  are  living  rn  the  Silurian  period ;  but  we  could  only  say  so 
in  a  very  limited  sense.  While  most  geologists  will  readily 
admit  that  there  must  have  been  such  an  actual  continuity  of 
the  great  geological  periods,  from  the  earliest  times  up  to  the 
present  day,  it  remains  certain  that  we  can  never  dispense  with 
ihe  division  of  the  stratilied  series  into  definite  rock-groups 
and  life-periods.  We  can  never  hope  to  discover  all  the  lost 
links  of  the  geological  chain,  and  ihe  great  formations  will 
always  be  separated  from  one  another  by  more  or  less  evident 
physical  or  pala:ontological  breaks,  or  by  both  combined.  The 
utmost  we  can  at  present  do  is  to  arrive  at  the  conviction  that 
the  lines  of  demarcation  between  the  great  formations  only 
mark  gaps  in  our  knowledge,  and  that  there  can  be  in  nature 
no  hiatus  in  the  long  series  of  fossiliferous  deposits. 

The  theory  of  "  geological  continuity,"  then,  may  in  practice 
be  carried  so  far  as  to  be  useless,  or  even  injurious  to  the  progress 
of  science.  This  would  seem  to  be  the  case  with  the  attempt 
to  show  that  we  "  are  still  ti\'ing  in  the  Cretaceous  period," 
and  that  the  ooze  now  forming  at  the  bottom  of  the  deep 
Atlantic  is  merely  a  continuation  in  point  of  time  of  the  great 
and  well-known  formation  of  the  White  Chalk.  The  points  of 
resemblance  by  which  this  is  sought  to  be  estabhshed  are 
these:  i.  The  Atlantic  ooze  or  **  abyssal  mud"  is  a  whitish 
or  grayish-looking  mud,  containing  about  sixty  per  cent  of 
carbonate  of  lime,  with  from  tM-enty  to  thirty  ])er  cent  of  silica, 
and  a  variable  quantity  of  alumina.  When  dry,  and  espe- 
cially if  consolidated,  it  may  fairiy  be  compared  in  mineral 
composition  to  some  varieties  of  Chalk  or  to  Chalk-marl.  2. 
The  abj'ssal  mud  of  the  Atlantic  is  to  a  very  large  extent  com- 
posed of  the  microscopic  shells  oi  Foraminifcra^  some  of  which 
are  specifically  identical  with  Cretaceous  forms,  whilst  White 
Chalk  is  known  to  be  very  largely  composetl  of  the  debris 
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of  these  minute  organisms.  3.  The  ooze  contains  silire-ni^ 
sponges,  in  many  respects  comparable  to  ihe  sponges  wlmli 
are  so  characteristic  of  the  Cretaceous  period.  4.  The  oow 
contains  Kchinoderms,  especially  Sea-urchins  and  Crinoids, 
such  as  abounded  in  the  Chalk  period  ;  whilst  one  of  the  latter 
is  related  to  a  Cretaceous  type  hitherto  beHeved  to  be  extinct. 
5.  \V*e  have  reason  to  believe  that  the  conditions  under  which 
llie  Chalk  was  formed  were  very  similar  to  those  now  present 
in  the  Atlantic  at  great  depths. 

On  the  other  hand,  as  pointed  out  by  Sir  Charles  Lyell  and 
Mr  Prestwich,  the  differences  between  the  Atlantic  ooze  and 
and  the  Chilk  are,  to  say  the  least  of  it,  quite  as  weighty  as 
the  resemblances,  if  not  more  so.  Chalk  is  composed  of  from 
eighty  to  as  much  as  ninety-nine  per  cent  of  carbonate  of  lime, 
and  has  therefore  a  very  small  proportion  of  any  siliceous 
or  aluminous  impurity.  Secondly,  the  occurrence  of  identical 
species  oi  Foraminifera  in  the  two  formations  amounts  to  vei>' 
little  ;  for  it  is  well  known  that  such  lowly  organised  forms  of 
life  have  an  extraordinary  power  of  persistence,  surviving  geo- 
logical changes  which  are  fatal  to  higher  organisms.  Lastly, 
the  most  characteristic  of  the  Chalk  fossils,  such  as  the  various 
forms  of  C^phaiopoda  and  Bivalve  Molluscs,  are  entirely  wz^X- 
ing  in  the  Atlantic  ooze. 

Mr  Prestwich  concludes  that  although  it  is  probably  tnii 
that   *'some  considerable  portion  of  the  deep  sea-bed  of  i 
mid-Atlantic  has  continued  submerged   since  the  period 
our  Chalk,  and   although  the  more    adaptable  forms  of  li 
may  have  been  transmitted   in  unbroken  succession  througi 
this  channel,  ihe  immigration  of  other  and  more  recent  faun 
may  have  so  modified  the  old  population   that  the  origin 
Chalk  element  is  of  no  more  importance  than  is  the  original 
British  element  in  our  own  English  people.     As  well  might  it 
have  been  said  in  the  last  century  that  we  were  living  in 
period   of  the  early  Britons,  because   their  descendants  an< 
language  still  lingered  in  Cornwall,  as  that  we  are  living  in  t 
Cretaceous  peri(xi,  because  a  {^w  Cretaceous  forms  still  ling 
in  the  deep  Atlantic.     Period  in  Geology  must  not  be  c 
founded   with    *  sj-stem  -   or    *  formation.'      The   one    is    o 
relative,  the  other  definite.     A  formation  is  de])0sited  or  tak 
place  during  a  certain  time,  antl  that  time  is  the  i)eriod  of  A 
fomiation  ;  but  a  geological  period  may  include  several  formaq 
tions,  and  is  defined  by  the  preponderance  of  certain  orde 
families,   or  genera,  according   to   the  extent  of  the  perio 
spoken  of;  and  the  passage  of  some  of  the  forms  into  thene 
geological  series  does  not  carry  the  period  with  them,  any  mo 
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than  would  any  particular  historical  epoch  be  delayed  until  the 
survivors  of  the  preceding  one  had  died  out.  Period  Is  an 
arbitrar)'  time-division.  The  Chalk  or  the  *  London  Clay ' 
formations  mark  definite  stratigraphical  divisions.  We  may 
speak  of  the  period  of  the  London  Clay,  or  we  may  speak  of 
the  Tertiary  period.  It  merely  refers  to  the  '  time  when  * 
either  were  in  course  of  construction.  The  occurrence  of 
Triassic  forms  in  the  Jurassic  series,  of  Oolitic  forms  in  the 
Cretaceous  series,  and  of  Cretaceous  forms  in  the  Kocene,  in 
no  way  lessens  the  independence  of  each  series,  although  it 
may  sometimes  render  it  difticult  to  say  where  one  series  ceases 
and  the  other  commences.  The  land  and  littoral  faunas  are 
necessarily  more  liable  to  change  than  a  deei>-sea  fauna, 
because  an  island  or  part  of  a  conlinent  may  be  submerged, 
and  all  on  it  destroyed,  while  the  fauna  of  the  adjacent  oceans 
would  survive  ;  and  as  we  cannot  su|)pose  the  elevation  of 
entire  ocean-beds  at  the  same  time,  the  maritime  fauna  of  one 
period  must  be  in  part  almost  necessarily  transmitted  tu  the 
next" 

In  accordance,  therefore,  with  the  principles  here  laid  down, 
we  may  conclude  that  it  is  not  correct  to  say  that  we  "  are 
living  in  the  Cretaceous  period,"  in  any  other  sense  than  one 
might  say  that  we  are  living  in  the  Silurian  period,  with  this 
difference,  that  the  Cretaceous  period  is  much  nearer  to  us  in 
point  of  time  than  the  Silurian,  and  that  we  can  therefore  trace 
a  relationship  between  certain  Cretaceous  types  and  certain 
living  forms  that  we  can  not  hope  to  establish  in  the  case  of 
Sihirian  fossils. 

It  is  to  be  observed,  lastly,  that  certain  classes  of  animals 
are  alwa)T>  likely  to  flourish  in  places  and  times  in  which 
favourable  conditions  are  present,  wholly  irrespective  of  any 
genetic  connection  betiveen  successive  fauna;.  Thus,  the  con- 
ditions present  in  the  deep  Atlantic  are  such  as  favour  the 
existence  of  numerous  Forammifcra^  Sponges,  E<hhwderms^ 
kc.  Similar  conditions  existed  in  the  seas  in  which  the  Chalk 
was  dej>osited  ;  and  we  need  not,  therefore,  be  suqjrised  at  the 
predominance  of  similar  organisms  in  the  Creticeous  ])erio[l. 
In  the  same  way,  there  are  portions  of  the  Carboniferous 
Limestone  fairly  comparable  to  the  Chalk  in  mineral  characters 
(making  due  allowance  for  difference  of  age),  and  containing 
forms  of  life  which  may  be  regarded  as  representative  uf  the 
Cretaceous  fauna — such  as  ForaminiftTa,  smooth  TerebratuUv^ 
Crinoids,  and  Sea-urchins.  The  conditions,  however,  present 
in  the  deep  Atlantic  arc  not  exactiy  similar  to  those  under  which 
the  Chalk  was  deposited,  for  there  are  certain  great  classes, 
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such  as  the  CfpJiahpoda^  which  abounded  in  the  Cretaceous 
seas,  btit  which  seera  to  have  no  representative  in  the  abyssal 
mud  of  the  Atlantic. 

Doctrine  of  Colonies. — It  only  remains  in  this  conncc. 
tion  to  consider  very  bridly  the  doctrint:  of  '*  colonics,"  laid 
down  by  M.  Barrainle,  the  cmineiil  Bohemian  palaeontologist 
It  has  been  laid  down  as  a  law  that  when  once  a  si>ecies  dis- 
appears it  never  again  makes  its  appearance  in  the  geological 
record.  This  is  unquestionably  true»  so  long  as  we  remember 
tliat  it  can  only  apply  to  cases  in  which  a  species  has  entirely 
and  totally  disappeared  from  the  earth,  and  that  it  is  often 
very  dillicult,  or  altogether  impossible,  to  obtain  evidence  as 
to  the  exact  time  at  which  a  given  species  has  thus  become 
actually  extinct.  There  are  plenty  of  cases  in  which  a  species 
seemingly  disappears  in  a  particular  set  of  rocks,  to  reappear 
in  some  higher  and  later  set  of  rocks  in  the  same  region,  whiUl 
its  remains  are  wanting  in  all  the  intcnnediate  deposits  of  the 
area.  It  also  often  occurs  that  a  species,  having  disappeared 
in  one  region,  is  found  in  deposits  of  a  later  age  in  another 
area.  The  above-mentioned  law,  therefore,  can  obviously  only 
hold  good  of  cases  in  which  a  species  has  definitely  and  finally 
become  extinct ;  and  this  implies  an  amount  of  knowledge  on 
our  part  which  we  seldom  or  never  possess.  M.  Barrande, 
however^  has  pointed  out  that  there  are  other  cases  in  which 
groups  of  species  peculiar  to  one  set  of  beds  may  appear  in  a 
temporary  and  sporadic  manner  in  a  much  earlier  set  of  beds, 
the  two  deposits  thus  characterised  being  separated  by  beds 
containing  fossils  peculiar  to  the  earlier  and  older  series. 
Thus,  the  Upper  and  Lower  Silurian  Rocks  of  Bohemia  are 
characterised  by  ver)-  distinct  assemblages  of  fossils.  It  is 
found,  however,  that  the  Lower  Silurian  Rocks  contain  in 
places  a  group  of  fossils  characteristic  of  the  Upjjer  Silurian 
series.  The  beds  containing  this  "colony"  of  Upper  Silurian 
forms  are  succeeded  by  strata  filled  with  Lower  Silurian  fossils; 
and  it  is  only  after  several  alternations  of  this  kind  that  the 
Upper  Silurian  fauna  comes  in  definitely  and  generally.  These 
temporary  appearances  of  a  later  fauna  in  the  midst  of  an  older 
fauna  are  termed  by  At,  Barrande  '*  colonies,''  and  he  explains 
their  occurrence  as  follows  :— If  we  suppose  the  seas  of  the 
Bohemian  area  to  have  been  peopled  with  Lower  Silurian 
animals  at  a  time  when  other  portions  of  Kurope  were  covered 
by  a  sea  containing  Upper  Silurian  animals,  and  su[ipose  the 
former  area  to  have  been  shut  off  from  the  latter  by  a  land- 
barrier,  Ave  can  readily  understand  how  the  *^  colonies  "  were 
produced.     If,  from  any  cause,  a  channel  of  communicatioB 
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were  opened  between  the  Bohemian  area  and  the  general  area 
of  Northern  Europe,  an  immigration  of  species  would  take 
place  from  the  latter  into  the  former  area.  The  Upper 
Silurian  species  of  the  latter  area  wouUl  thus  be  imported,  in 
greater  or  less  numbers,  into  the  midst  of  the  general  Lower 
Silurian  fauna  of  Bohemia^  and  would  be  preserved  in  the 
Lower  Silurian  Rocks.  If,  however,  the  channel  of  com- 
munication were  speedily  closed,  so  that  the  new-comers 
could  not  be  constandy  reinforced  by  fresh  immigrants,  the 
"colonial''  species  would  die  out,  and  the  general  Lower 
Silurian  fauna  would  again  reisn  supreme.  A  reopening  of 
the  channel  of  communication  would  allow  of  a  fresh  immigra- 
tion and  the  formation  of  a  fresh  "colony,"  and  the  process 
might  be  indefinitely  repeated.  Finally,  however,  we  must 
suppose  that  the  Bohemian  area  was  permanently  thrown  open 
to  immigration  from  the  general  European  area,  when  the 
Upper  Silurian  fauna  of  the  latter  would  succeed  in  per- 
manently and  completely  displacing  the  old  Lower  Silurian 
fauna  of  the  former  region.  The  phenomenon,  therefore,  of 
"  colonies/'  may  be  defined  as  "  the  coexistence  of  two  general 
faunas,  which,  considered  in  their  entirety,  are  nevertheless 
distinct ;"  and  it  is  to  be  regarded  as  merely  a  case  of  migra- 
tion under  certain  peculiar  and  exceptional  circumstances. 
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THE  IMPERFECTION  OF  THE  PAL^ONTOLOGiCAL 

RECORD. 

As  has  been  already  pointed  out,  the  series  of  the  stratified 
formations  is  an  imperfect  one,  and  is  likely  ever  to  remain  so. 
The  causes  of  this  "  imperfection  of  the  geological  record,"  as  It 
has  been  temied  by  Darwin,  are  various ;  but  it  is  chiefly  to  be 
ascril>ed  to  our  as  yet  incomplete  knowledge  of  the  geology  of 
vast  areas  of  the  earth's  surface,  to  denudation,  and  to  the  fact 
that  many  of  the  missing  groups  are  buried  beneath  other  de- 
posits, whilst  more  than  half  of  the  superficies  of  the  globe  is 
hidden  from  us  by  the  waters  of  the  sea.  The  imperfection  of 
the  geological  record  necessarily  implies  an  equal  imperfection 
of  the  "palaeontological  record;"  but,  in  truth,  the  record  of 
life  is  far  more  imperfect  than  the  mere  physical  series  of  de- 
posits.    As  we  are  here  chiefly  concerned  with  the  biological 
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aspect  of  the  question,  we  may  advantageously  consider  some 
of  the  main  causes  of  the  numerous  breaks  and  gaps  in  the 
palseontological  record  at  some  length. 

L  Causes  uf  tiii:  Ausence  of  Certain  Animals  a 
FossiLiFEROUS  DEPOSITS. — In  the  first  place,  even  if  the  series 
of  the  stratified  deposits  had  been  preserved  to  us  in  its  entirety, 
and  we  could  point  to  the  scdimentar)'  accumulations  belong- 
ing to  every  i>eriod  of  the  earth's  history^  there  would  still  be 
enormous  deficiencies  in  the  palxontological  record,  ofting  to 
the  differences  in  the  facility  with  which  different  animals  may 
be  preserved  as  fossils.  This  suliject  is  sufficiently  iniixirtam 
to  render  it  advisable  to  consider  each  of  the  primary  group* 
of  the  animal  kingdom  separately  from  this  point  of  view  : — 

a.  Protosoa. — As  regards  the  sub-kingdom  of  the  Pr&tczoa^ 
the  entire  classes  of  the  Grq^arinidm  and  Itijusorinn  Animal' 
cuUi^  from  their  absence  of  hard  parts,  must  ever  remain  un- 
represented in  a  fossil  condition.  One  or  two  of  the  latter, 
however,  possess  an  integumentary  covering  capable  undo' 
favourable  circumstances  of  being  preserved  in  rocks  of  rccort 
age.  The  Afonera  present  no  structures  capable  of  fossilisa- 
tion  ;  and  the  same  may  be  said  of  the  Amabea^  though  one  or' 
two  of  the  latter  have  a  carapace  which  might  possibly  be  pre-, 
ser\'ed.  The  remaining  Rhizopodous  orders — viz.^  the  fer^^ 
miniftra^  Radiohna^  and  ^/'//^7V/<r— almost  invariably  developj 
hard  structures  of  lime  or  flint ;  and  nil  these  orders,  therefor^i 
have  left  abundant  traces  of  their  existence  in  past  time.  | 

b.  Cfe/ai/enitii. — Amongst  the  Cielenterate  animals,  the; 
Fresh-water  Polypes  (Ilydra),  the  Oceanic  Hydrozoa,  the  ]elly-| 
fishes  {AfediisidiE\  the  Sea -blubbers  {Luarmirida\  the  Sear 
anemones  (Actinidit),  and  the  Ctenophoni  are  destitute  of  hitdj 
parts  which  could  be  preserved  as  fossils.  The  Sea-blubbcKi 
however,  supply  us  with  an  instance  of  how  a  completely  soft*! 
bodied  creature  may  leave  traces  of  its  past  existence;  for  there 
is  no  doubt  that  impressions  left  by  the  stranded  carcasses  ol 
these  animals  have  been  detected  in  certain  fine-grained  roch 
(the  Lithographic  Slate  of  Solenhofen).  On  the  other  band, 
the  coralligenous  Zoophytes  or  "corals"  (comprising  the  Z^dv- 
thariii  scicrodcrmata  and  scicrobasica^  and  most  of  the  Aicyonarii^ 
possess  hard  parts  capable  of  preservation,  and  the  same  is  th( 
case  with  most  of  the  Hydroid  Zoophytes.  Accordingly,  then 
are  few  more  abundant  fossiJs  than  corals;  whilst  the  large  c^ 
tinct  grouj)  of  the  Graptolitcs  is  generally  placed  in  the  vi( 
of  the  Sea-firs  (Sertularians). 

c.  AftmUoida. — In  this  sub-kingdom  the  great  class 
Echhwdcrmaia  may  be  said  to  be  represerUcd  more  or  lei 
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'  tcly  by  all  its  orders.     In  the  Sea-cucumbers  (Hohthur- 

-  however^  the  calcareous  structures  so  characteristic  of 

'cgiiments  of  the  other  Echinodemis  are  reduced  to  their 

luuMutum  ;  and  accordingly  the  evidence  of  the  |)ast  existence 

of  these  creatures  is  of  the  most  scanty  description.   The  other 

gtcJt  class  of  the  Anmtioida  (viz.,   the  Scoiedda)  comprises 

jininuls  almost  \sithout  exception  destitute  of  hard  parts,  and 

whs.  II  mostly  live  parasitically  in  the  interior  of  other  animals 

the  Tape- worms,  Suctorial -worms,  Round-worms,  &c.) 

:c  therefore  without  any  geological  evidence  of  the  former 

ice  of  Scoiaiiia,   though  no  doubt  can  be  reasonably 

':'■  i<  filmed  but  that  the  group  dates  back  to  a  time  long  an- 

kru't  to  the  present  fauna. 

/  Annaiosa. — Many  of  the  lower  Annulose  animals,  such 
SI  Leeches.  Earth-worms,  and  Errant  Annelides,  possess  no 
structures  by  which  we  could  expect  to  get  direct  evidence  of 
■'■—  r'3si  existence.  The  last  of  these,  however,  have  left 
,  traces  of  their  former  presence  in  the  form  of  burrows 
iracks"  upon  the  mud  and  sand  of  ancient  sea-bottoms; 
the  so-called  "Tubicolar"  Annelides  are  well  represented 
their  in\'esting  tubes.  In  the  case  of  the  higher  Annuhsa^ 
»ther  law  steps  in  to  regulate  their  comparative  abundance 
fossils.  Most,  in  fact  almost  all,  fossiliferous  fonnations 
irc  been  deposited  in  water;  and  of  necessity,  therefore,  most 
are  the  remains  of  animals  whose  habits  arc  naturally 
liutic  As  most  deposits,  further,  are  not  only  aqueous,  but 
also  marine,  most  fossils  are  those  of  sea -animals.  It 
us,  therefore,  that  the  remains  of  air-breathing  animals, 
lethcr  these  be  terrestrial  or  aerial,  can  only  be  preser\ed  in 
accidental  manner,  so  to  speak ;  except  the  animal  inhabit 
ter  (as  the  Cetaceans  do),  or  except  in  the  rare  instances  in 
old  land-surfaces  have  been  buried  up  by  sediment,  and 
partially  kept  for  our  inspection.  In  accordance  with  this 
the  most  important  and  abundant  fossil  Annulose  animals 
Crustaaans;  since  these  not  only  have  a  resisting  shell  or 
tcioskcicton,"  but  are  also  generally  aquatic  in  their  habits. 
\t  air-breathing  cKisses  of  the  MyrhtjuHia  (Centipedes  and 
Ics),  the  Anuknida  (Spiders  and  Scorpions),  and  the 
rj  or  true  Insects,  on  the  other  hand,  have  been  much 
commonly  and  completely  preserved,  though  many  of 
arr  f>erfectly  capable  of  being  fossilised.  Almost  all  such 
lins,  however,  as  we  have  of  these  three  great  classes,  arc 
lains  of  isolated  individuals,  which  may  have  been 
rtally  drowned ;  or  else  they  occur  in  hollow  trees,  or  in 
tts  of  ancient  soils,  or  in  vegetable  accumulations  such 
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as  coal  and  peat  There  is,  however,  a  considerable  number 
of  aquatic  insects  (but  exclusively  in  fresh  water),  and  there 
are  many  insects  the  larvae  of  which  inhabit  water,  whether 
this  be  fresh  or  salt ;  so  that  instances  of  these  occurring  as 
fossils  are  not  very  infrequent. 

€.  Mo/It/st'a. — This  sub-kingdom  requires  little  notice,  since 
the  greater  number  of  its  members  possess  hard  structures 
capable  of  being  preserved  in  a  fossil  condition.  Thus,  the 
horny  or  calcareous  polypidoms  of  many  of  the  Poiyu>c,  the 
shells  of  the  Brachiopods,  the  true  Bivalves,  and  most  of  the 
Gasteropoda^  the  internal  skeletons  of  the  Cuttle-fishes,  and 
the  chambered  shells  of  the  Tetrabrancliiate  Cephalopods,  all 
occur  more  or  less  abundantly  as  fossils.  The  entire  class  of 
the  Tunicaries,  however,  presents  (with  one  or  two  exceptions) 
no  hard  structures,  and  is  hence  not  with  certainty  known  by 
any  fossil  representative.  Amongst  the  Gasteropodoy  again, 
the  Sea-slugs  and  their  allies  {Nttiiihratichiata)  possess  no  shell, 
and  are  unknown  to  the  palaeontologist  j  whilst  the  shell  of  ih« 
Land-shigs  is  extremely  minute,  and  has  not  been  certainly 
recognised  as  fossil.  I^astly,  the  air-breathing  terrestrial  Mol- 
luscs, from  their  habits^  rarely  occur  as  fossils;  whilst  those 
which  inhabit  rivers,  ponds,  and  lakes  are  less  largely  repffr 
sented  than  marine  forms,  oi\nng  to  the  preponderance  of  salt- 
water deposits  over  those  of  fresh  water. 

f.  Vtrkbrata, — The  majority  of  Vetebrate  animals  possess  a 
bony  skeleton,  so  that  their  preservation  in  a  fossil  state — so 
far  as  this  point  is  concerned — is  attended  with  no  difficulty. 
Some  of  the  fishes,  however  (such  as  the  Lancelot,  the  Hag- 
fishes,  and  the  Lampreys),  have  no  scales,  and  either  possess  no 
"  endoskcleton  "  or  have  one  which  is  almost  wholly  cartih- 
ginous.  The  only  evidence,  therefore,  which  could  be  obtained 
of  the  past  existence  of  such  fishes  woiiltl  be  afforded  by  their 
teeth  ;  but  these  are  wanting  in  the  Lancelet,  and  are  very 
small  in  the  Lampreys:  so  that  we  need  not  wonder  that  these 
fishes  are  unknown  as  fossils.  The  higher  groups  of  the  fishes, 
however,  taking  everything  into  consideration,  may  be  said  to 
be  abundantly  represented  in  a  fossil  condition  by  their  scales, 
boneSj  teeth,  and  defensive  spines. 

The  Amphibians  are  tolerably  well  represented  by  ihcir 
bones  and  teeth,  and,  as  regards  one  extinct  order,  by  integu- 
menlary  plates  as  well.  They  have  also  left  many  traces  of 
their  existence  in  the  fonn  of  footprints.  Most  living  Amphi- 
bians, however,  freguent  fresh  waters,  or  spend  a  great  part  of 
their  time  upon  the  land  ;  and  hence  their  remains  would  not 
be  apt  to  be  preserved  in  marine  deposits. 


IMPERFECTION   OF   FAL.-EONTOLOGICAL   RECORD.      3 1 

The  abundance  of  Reptiles  as  fossils  naturally  varies  much, 
cording  to  the  habits  of  the  different  orders.  Of  the  living 
dcrs,  the  Chelonians  (Tortoises  and  Turtles)  are  by  no  means 
re;  since  many  of  them  are  habitual  denizens  of  fresh  water 
of  the  sea,  whilst  all  are  provided  with  a  hard  integumentary 
eleton.  The  Snakes  arc  mainly  represented  by  forms  which 
x^uented  water,  and  especially  by  marine  forms.  The  T>izards 
'uuertiiio)  live  mainly  upon  the  land,  and  do  not  therefore 
)ound  as  fossils;  but  some  extinct  forms  (the  Mosasatiroids) 
ere  marine  in  their  habits,  and  have  consequently  been  pretty 
l!y  preserved.  'I'he  CroaniiUn^  again,  are  so  essentially  acjuatic 
their  habits,  dial  their  comparative  frequency  in  aqueous 
^posits  is  no  matter  of  wonder,  especially  if  we  recollect  that 
any  of  the  extinct  members  of  this  order  seem  to  have  fre- 
jented  the  sea  itself.  Of  the  extinct  orders  of  Reptiles,  the 
•eat  Ichthyosauri  and  the  Pksiosauri  and  their  allies  were 
arine  in  their  habits,  and  their  remains  occur  in  what  may 
irly  be  called  ]»rofusion.  The  Flying  Reptiles,  or  Pfav- 
utyfts,  would  rot  seem  to  have  any  better  chance  of  being 
reserved  than  Birds,  if  as  good,  yet  their  remains  occur  by 

0  means  very  rarely  in  certain  fonnations.  The  terrestrial 
')eitipsn$irs  and  Dicynodonts^  again,  come  very  much  under  the 
.ws  which  regulate  the  preservation  of  Mammals  as  fossils ; 
nd  their  remains  are  chiefly,  but  not  exclusively,  to  be  found 

1  fluviatile  deposits. 

As  regards  Birds,  their  powers  of  flight,  as  pointed  out  by 
ir  Charles  Lyell,  would  save  them  from  many  destructive 
gencies,  and  the  lightness  of  their  bones  would  favour  the 
)ng  floating  of  the  body  in  water,  and  thus  increase  the 
hances  of  its  being  devoured  by  predaceous  animals.  In  ac- 
ordance  with  these  considerations  the  most  abundant  remains 
f  Birds  are  referable  to  large  wingless  forms,  to  which  the 
ower  of  saving  themselves  from  their  enemies  by  flight  was 
enied,  whilst  most  of  their  bones  were  filled  with  marrow  in- 
tead  of  air.  Next  in  abundance  after  these  come  the  remains 
f  birds  which  frequent  the  sea-shore,  lakes,  estuaries,  or  rivers, 
(T  which  delight  in  marshy  situations. 

Lastly,  as  reg-ards  Manunals,  the  record  is  far  from  being  a 
u11  one,  and  from  obvious  causes.  The  great  majority  of 
vlamnials  live  on  land,  and  therefore  are  not  likely  to  be 
luried  in  aqueous,  and  especially  in  marine,  accumulations. 
That  this  cause  is  the  chief  one  which  has  operated  against  the 
requent  preser\'ation  of  Mammalian  remains  is  shown  by  the 
act  that  when  we  exhume  an  old  land-surface,  the  remains  of 
Mammals  may  be   found  in  tolerable  plenty.      The  strictly 
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aquatic  Mamrnals — such  as  Whales^  Dolphins,  and  the  lil 
are,  of  course,  nuich  more  like!)'  to  have  been  presen'ed  as 
fossils  than  the  strictly  terrestrial  forms;  but  their  want  of 
integumentary  hard  structures  places  them  at  a  disadvantage 
in  this  respect  as  compared  with  fishes.  In  a  general  «-ay,  wc 
may  conclude  that  the  preservation  of  the  terrestrial  Mam- 
mals as  fossils  is  due  to  the  comparatively  rare  occurrence  of  a 
stray  individual  being  killed  whilst  swimming  a  river  or  some 
other  piece  of  water,  or  being  mired  in  a  bog,  or  to  the  bones 
of  one  that  had  died  on  land  being  washed  into  some  stream 
by  floods  ;  but  there  are  other  cases  for  which  a  different  ex- 
planation must  be  sought. 

II.  Unrepresented  Time. — In  the  second  place,  we  have 
seen  that  the  gcohgUal  record  is  A'cry  imperfect,  and  this  of 
necessity  causes  vast  gaps  in  our  palaeontological  knowledge. 
In  this  connection  we  may  briefly  consider  the  evidence  which 
we  possess  as  to  the  immensity  of  the  "  unrepresented  time " 
between  some  of  the  great  formations,  antl  no  better  example 
can  l>e  chosen  than  that  of  the  Cretaceous  and  Eocene  Rocks. 
In  considering  such  a  case,  the  evidence  may  be  divided  into 
two  heads,  the  one  palceontological,  the  other  purely  physical, 
and  each  may  be  looked  at  se]>arately. 

The  Chalk,  as  is  well  known,  constitutes  in  Britain  the 
highest  member  of  the  Cretaceous  formation,  and  is  the  highest 
deposit  there  known  as  appertaining  to  the  great  Secondary  or 
Mesozoic  series.  It  is  directly  overlaid  in  various  places  by 
strata  of  Eocene  age,  which  form  the  base  of  the  great  Tertiary 
or  Kainozoic  series  of  rocks.  The  question,  then,  before  us  is 
this,  What  evidence  have  we  as  to  the  lapse  of  time  repre- 
sented merely  by  the  dividing-line  between  the  highest  beds  of 
the  Chalk  and  the  lowest  beds  of  the  Eocene? 

Taking  the  palxnntological  evidence  first,  it  is  found  that 
out  of  live  hundred  sjtecies  of  fossils  known  in  the  Upper  Cre- 
taceous beds,  only  one  Brachiopod  and  a  few  Foraminifera 
have  hitherto  been  detected  in  the  immediately  overlying 
Eocene  beds.  These  latter,  on  the  contrary,  are  re|>lete  with 
organic  remains  wholly  distinct  from  those  of  the  Cretaceous 
beds.  It  may  be  said,  therefore,  that  the  very  extensive 
semblage  of  animals  which  lived  in  the  later  Cretaceous 
of  Britain  had  entirely  passed  away  and  become  a  thing  of 
past,  before  a  single  grain  of  the  Eocene  Rocks  had  been 
posited.  Now,  it  is  of  course  open  to  us  to  believe  that 
animals  of  the  Chalk  sea  were  suddenly  extinguished  by  soi 
natural  agencies  unknown  to  us,  and  that  the  animals  of 
Eocene  sea  had  been  in  as  sudden  and  as  obscure  a  manner 
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introduced  m  masse  into  the  same  waters.  This  theory,  how- 
ever, calls  upon  the  stage  forces  of  which  we  know  nothing, 
and  is  contradicted  by  the  whole  tenor  of  the  operations  which 
we  see  going  on  around  us  at  the  present  day.  It  is  prefer- 
ablCf  therefore,  to  believe  that  no  such  \nolent  processes  of 
destruction  and  re-peopling  took  place,  but  that  the  marked 
break  in  the  life  of  the  two  periods  indicates  an  enormous 
lapse  of  time.  The  Cretaceous  animals,  in  consequence  of  the 
elevation  of  the  British  area  at  the  close  of  the  Cretaceous 
period,  must  have  mostly  migrated,  some  doubtless  perishing, 
and  others  probably  becoming  modifted  in  the  process.  When 
the  British  area  became  once  more  submerged  beneath  the 
sea,  and  became  again  a  fitting  home  for  marine  life,  an  ipimi- 
gration  into  it  would  set  in  from  neighbouring  seas.  By  this 
time,  however,  the  Cretaceous  animals  must  have  mostly  died 
out,  or  must  have  become  greatly  changed  in  their  characters  ; 
and  the  new  immigrants  would  be  forms  characteristic  of  the 
Lower  Eocene.  How  long  the  jirocesses  here  described  may 
have  taken,  it  is  utterly  impossible  to  say,  even  approximately. 
Judging,  however,  from  what  we  can  observe  at  the  present 
day,  the  palxontological  break  between  the  Chalk  and  the 
Kocene  indicates  a  perfectly  incalculable  lapse  of  time;  for 
all  species  change  or  die  out  slowly,  marine  species  es]»ecially 
so  ;  and  we  have  here  the  disappearance  of  a  large  fauna  almost 
in  its  entirety,  and  its  replacement  by  another  wholly  distinct 
In  the  second  place,  to  come  to  the  physical  evidence,  the 
Eocene  strata  are  seen  to  rest  upon  an  eroded  and  denuded 
surface  of  Chalk,  filling  up  "pipes"  and  winding  hollows 
which  descend  far  below  the  general  surface  of  the  latter.  Not 
only  so,  but  the  base  of  the  Kocene  Rocks  is  commonly  com- 
posed of  a  bed  of  rolled  and  rounded  flints,  derived  from  the 
Chalk,  affording  incontestable  proof  that  the  Chalk  had  been 
greatly  worn  down  and  removed  by  denudation,  before  the 
Eocene  beds  were  deposited  upon  its  surface.  In  short,  the 
Eocene  Rocks  repose  "  unconformably  "  upon  the  Chalk,  and 
thus,  as  is  well  known,  indicates  the  following  series  of  pheno- 
mena: — Firstly,  the  Chalk  was  deposited  in  horizontal  layers 
at  the  bottom  of  the  Cretaceous  sex  Secondly,  at  some  wholly 
indefinite  time  after  its  deposition,  after  it  had  become  more 
or  less  consolidated,  the  Chalk  must  have  been  raised  by  a 
gradual  jirocess  of  elevation  aliove  the  level  of  the  sea,  during 
which  it  would  inevitably  suffer  vast  denudation.  Thirdly, 
after  another  wholly  indefinite  period,  the  Chalk  was  again 
submerged  beneath  the  sea,  in  which  process  it  would  be  sub- 
jected to  still  further  denudation,  and  an  approximately  level 
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surface  would  be  formed  upon  it.  Fourthly,  strata  of  Eocene 
age  were  deposited  upon  ihe  denuded  surface  of  the  Chalk, 
filhng  up  all  the  hollows  and  inequalities  of  its  eroded 
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Fig.  3. — Section  showing  ftrata  of  Tertiar>'  age  f^X  JckUdc  upon  a  worn  and  cl< 
furfacc  of  White  Chalk  (A),  the  stratification  af  which  Is  morKCu  by  line*  of  flints. 

In  the  unconformabiUty,  then,  between  the  Chalk  and 
Eocene  Rocks,  we  have  unequivocal  evidence — irrespective 
anything  that  we  learn  from  Palxontology — that  the  b« 
between  the  two  formations  was  one  of  enormous  length.  In 
Britain  the  interval  of  time  thus  indicatetl  is  not  represented 
by  any  deposits  ;  and  in  Europe  generally  there  arc  but  frag- 
mentary traces  of  such.  We  tnay  be  quite  sure,  however,  tlui 
during  the  time  represented  in  Britain  by  the  mere  line  of  un- 
confonnability  between  the  Chalk  and  the  Eocene,  there  were 
somewhere  deposited  considerable  accvnnulations  of  sediment. 
Whether  we  shall  ever  succeed  in  discovering  these,  or  any 
part  of  these,  is,  of  course,  uncertain.  We  may  be  certain, 
however,  that  such  deposits,  if  ever  discovered,  will  prove  to 
be  charged  witli  the  remains  of  animals  more  or  less  inter- 
mediate in  character  between  those  of  the  Cretaceous  and 
of  the  Eocene  period ;  and  the  huge  gap  now  existing  betw* 
these  formations  will  thus  be  more  or  less  completely  bi 
over. 

Amongst  other  well-knon-n  instances  of  more  or  less  genera! 
unconformity  in  the  stratified  series,  may  be  mentioned  that 
between  the  Lower  and  Uj^per  Silurian  (not  always  present), 
that  between  the  Lower  and  Upper  Old  Red  Sandstone  (al 
not  universal),  that  between  the  Carboniferous  and  Penni 
Rocks,  that  between  the  Permian  and  Triassic  Rocks  {i 
universal),  and  that  between  the  Lower  and  Upper  Cretac* 
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Rocks.  All  these  physical  breaks  are  accompanied  by  more 
or  less  extensive  palaeonlological  breaks  as  well.  Other  breaks 
which  are  rendered  less  important  by  the  absence  or  scarcity 
of  fossils,  or  which  are  as  yet  not  thoroughly  established,  are 
those  between  the  Lower  and  Upper  Laurentian  Rocks,  the 
Upper  laurentian  and  Huronian^  and  the  Upper  Cambrian 
and  Lower  Silurian. 

It  may  not  be  out  of  place  to  point  out  that  the  unconfonna- 
bililies  here  indicated  must  in  no  way  be  confounded  with  the 
common  cases  in  which  beds  of  one  age  rest  unconformably 
upon  beds  far  older  than  themselves.  When,  for  example,  we 
find  beds  of  Carboniferous  age  reposing  unconformably  upon 
Silurian  strata,  this  merely  indicates  that,  in  the  particular  lo- 
cality under  examination,  the  Devonian  or  Old  Red  Sandstone 
is  amissing.  This  absence  of  a  whole  formation  in  any  given 
region  merely  indicates  that  the  area  was  dry  land  during  the 
period  of  that  formation,  or  that  if  any  rocks  of  this  age  were 
deposited  in  this  locality,  they  were  removed  by  denudation 
before  the  higher  group  was  laid  down.  The  instances  above 
spoken  of,  as  where  the  Carl)oniferous  Rocks  are  succeeded 
unconformably  by  the  Permian,  though  essentially  of  the  same 
nature,  are  distinguished  by  an  important  point  In  the  former 
case  we  know  what  formation  is  wanting,  and  we  can  intercal- 
ate it  from  foreign  areas,  and  thus  complete  the  series.  In  the 
latter  case  we  have  two  successive  fomiations  in  unconformable 
junction,  and  we  are  not  acquainted  with  any  intermediate 
group  of  strata  which  could  be  intercalated  from  any  other 
locality. 

From  the  above  facts,  then,  we  learn  that  one  of  the  chief 
causes  of  the  imperfection  of  the  paheontological  record  is  to 
be  found  in  the  vast  spaces  of  time  which  separate  most  of  the 
great  "  formations,"  and  which,  so  far  as  we  yet  know,  are  not 
represented  by  any  formation  of  rock.  In  process  of  time  wc 
shall  doubtless  succeed  in  finding  deposits  to  account  for  more 
or  less  of  this  *'  unrepresented  time,"  but  much  will  ever  remain 
for  which  we  cannot  hope  to  find  the  representative  sediments. 
It  only  remains  to  add  that  we  haveample  evidence  within  the 
limits  of  each  formation,  and  w-holly  irrespective  of  any  want  of 
conformity,  of  such  lengthened  pauses  in  the  work  of  deposi- 
tion as  to  have  allowed  of  great  zoological  changes  in  the 
interim,  and  to  have  thus  caused  irremediable  blanks  in  the 
palseontological  record.  The  work  of  rock-deposition  is  at  best 
an  intermittent  process  ;  the  changes  in  a  fauna,  if  slowly 
effected,  are  continuous.  Thus  there  are  scores  of  instances  in 
iv'hich  the  fauna  of  a  given  bed^  perhaps  but  a  few  indies  in 
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thickness,  differs  altogether  from  that  of  the  beds  immediately 
above  and  below,  and  is  characterised  by  species  peculiar  lo 
itself.  In  such  cases  we  can  only  suppose,  that  though  no 
physical  break  can  bo  detected,  the  deposition  of  sediment  was 
interrupted  by  pauses  of  incalculable  length,  during  which  no 
additional  material  was  added  to  the  sea-bottom,  whilst  time 
was  allowed  for  the  dying  out  of  old  species  and  the  coming  in 
of  new.  The  incessant  repetition  of  such  internals  of  unrepre- 
sented time  throughout  the  whole  stratified  series  is  convincii 
proof  that  the  palreontological  record  is,  and  ever  must 
mere  excerpt  from  the  biological  annals  of  the  globe. 

II L  Thinning  out  of  Beds. — Another  cause  by  which  llie 
continuity  of  the  palajontoiogical  record  is  affected  is  what  is 
technically  called  the  "  thinning  out "  of  beds.  Owing  to  the 
mode  in  which  sedimentary  rocks  are  protluced,  it  is  certain 
that  there  must  be  for  every  bed  a  point  whence  the  largest 
amount  of  sediment  was  derived,  and  in  the  neighbourhood  of 
which  the  bed  will  therefore  be  thickest.  Thus,  if  we  take  a 
series  of  beds,  such  as  sandstones  and  conglomerates,  which 
are  the  product  of  littoral  action,  and  are  deposited  in  shallow 
water  near  a  coast-line,  it  will  be  found  that  these  gradually 
decrease  in  thickne.ss,  or  "  thin  out/'  as  wc  pass  away  from  the 
coast  ill  the  direction  of  deep  water.  On  approaching  deej> 
water,  however,  we  might  find  that,  though  the  sandstones 
were  rapidly  dying  out,  the  thickness  of  the  entire  series  might 
still  be  preserved,  owing  to  the  commencement  now  of  som^ 
deep-water  deposit,  such  as  limestone.     The  beds  of  limestone 


Fig.  4. — Siaxniin  lo  thow  i)ic  "thinning  out "  of  beds. 
Conglomerates ;  0  Linicstonca. 


a  Sandstones  aiid 


would  at  first  be  very  thin,  but  in  proceeding  still  in  the  direc- 
tion of  deeper  water,  we  should  find  that  they  would  graduall)* 
expand,  till  they  reached  a  point  of  maximum  thickness,  nn 
the  other  side  of  which  they  would  gradually  thin  out.  Eac 
individual  bed.  therefore,  in  any  group  of  stratified  rocks, 
be  regarded  as  an  unequal  mass,  thickest  in  the  centre, 
gradually  tapering  oflT  or  '*  thinning  out "  in  all  directions 
wards  the  circuniference  {fig.  4). 
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In  a  general  way  this  holds  good,  not  only  for  any  particular 
bed,  but  for  any  particular  aggregation  or  group  of  beds  which 
we  may  choose  to  take.  In  the  case,  namely,  of  ever)'  group 
of  beds,  there  must  have  been  a  particular  point  whither  sedi- 
ment was  most  abundantly  conveyed,  or  where  the  other  con- 
ditions of  accumulation  were  especially  favourable.  At  this 
point,  therefore,  the  beds  are  thickest,  and  from  this  they  thin 
out  in  all  directions.  It  need  scarcely  be  pointed  out,  indeed, 
that  some  such  sLite  of  things  is  unavoidable  in  the  case  of 
every  bed  or  group  of  beds,  since  no  sea,  is  boiindless,  and 
the  sedimentary  deposits  of  every  ocean  must  come  to  an  end 
somewhere. 

An  exceUent  example  of  the  phenomena  above  described 
may  be  derived  from  the  Lower  Carboniferous  Rocks  of 
Britain.  Here  we  may  start  in  South  Wales  and  in  Central 
England  with  the  Carboniferous  Limestone  as  a  great  calcare- 
ous mass  over  looo  feet  in  thickness,  and  ahnost  without  a 
single  intercalated  layer  of  shale.  Passing  northwards,  some 
of  the  beds  of  limestone  begin  to  thin  outj  and  their  place  is 
taken  by  strata  of  a  different  mineral  nature,  such  as  sandstone, 
grit,  or  shale.  The  resuh  of  this  is,  that  by  the  time  wc  have 
followed  the  Carboniferous  Limestone  into  Yorkshire  and  West- 
moreland, in  place  of  a  single  great  mass  of  limestone,  we  have 
an  equivalent  mass  of  alternating  strata  of  limestone,  sandstone, 
grit,  and  shale,  with  one  or  two  thin  seams  of  coal — the  lime- 
stones, however,  still  bearing  a  considerable  proportion  to  the 
whole.  Passing  still  further  northvs-ards,  the  limestones  go  on 
thinning  out,  till  in  Central  Scotland,  in  place  of  the  dense  cal- 
careous accumulations  of  Derbyshire,  the  Lower  Carboniferous 
scries  consists  of  a  great  groxip  of  sandstones,  grits,  and  shales, 
with  thick  and  workable  beds  of  coal,  and  with  but  few  and 
comparatively  insignificant  beds  of  limestone. 

The  state  of  things  indicated  by  these  phenomena  is  as  fol- 
lows : — The  sea  in  whirh  the  Loiver  Carboniferous  Rocks  of 
Britain  were  deposited  must  have  gradually  deepened  from  north 
to  south.  The  land  and  coast-line  whence  the  coarser  mechani- 
cal sediments  were  derived,  must  have  been  placed  somewhere 
to  the  north  of  Scotland,  and  the  deepest  part  of  the  ocean 
must  have  been  somewhere  about  Derbyshire.  Here  the  con- 
ditions for  lime-making  were  most  favourable,  and  here  conse- 
quently we  find  the  greatest  thickness  of  calcareous  strata,  and 
the  smallest  intermixture  of  mechanical  deposits. 

The  palieontological  results  of  this  are  readily  deducible. 
The  entire  Ixjwer  Carboniferous  series  of  Britain  was  probably 
deposited  in  a  single  ocean,  apparently  destitute  of  land-bar- 
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riers ;  and  consequently,  taken  as  a  whole,  the  fauna  of  this 
series  may  be  regarded  as  one  and  indivisible.  The  condi- 
tions, nevertheless,  which  obtained  in  different  parts  of  this 
area  were  very  different ;  and,  as  a  necessary  result,  certain 
groups  of  animals  flourished  in  certain  localities,  and  were 
absent  or  but  scantily  represented  in  others.  In  the  deeper 
parts  of  the  area  we  have  an  abundance  ofCorals,  with  Crinoids, 
and  at  limes  Foramuiifcra.  In  the  shallower  parts  of  the  area 
there  is,  on  the  other  hand,  a  predominance  of  forms  which 
affect  water  of  no  great  depth.  Still,  there  is  no  difference  in 
point  of  time  between  the  deposits  of  different  parts  of  the  area; 
and  in  order  to  obtain  a  true  notion  of  the  Lower  Carbonifer- 
ous fauna,  we  must  add  the  fossils  derived  from  one  portion  of 
the  area  to  those  derived  from  another. 

Ill  many  cases,  however,  we  are  acquainted  with  but  one 
class  of  deposits  belonging  to  a  given  period.  We  may  have 
the  deep-sea  deposits  of  the  period  only,  or  we  may  know  no- 
thing but  its  littoral  accumulations.  In  either  case  it  is  clear 
that  there  is  an  imperfection  of  the  palxontological  record ; 
for  we  cannot  have  even  a  mo^lerately  complete  record  of  the 
marine  animals  alone  of  a  particular  period,  unless  we  have 
access  to  a  complete  series  of  the  deposits  laid  dou-n  in  the 
seas  of  that  period. 

IV.  Sudden  Extinction  of  Animals. — Whilst  there  can 
be  little  douln  but  that  the  changes  in  animal  life  indicated  by 
Geology  were  in  the  main  gradually  effected,  there  still  remain 
cases  in  which  individuals  seem  to  have  been  suddenly  de- 
stroyed in  great  numbers,  and  others  of  a  more  obscure  nature 
in  which  allied  species  succeed  one  another  with  an  inexpli- 
cable rapidity.  As  an  example  of  tlie  first  class  of  cases,  wc 
may  take  the  great  Marine  Reptiles  of  the  Lias,  which  often 
exhibit  indications  of  having  met  a  sudden  death,  whilst  they 
show  no  traces  of  mechanical  injur)'.  It  has  been  suggested  by 
Sir  Charles  Lyell,  iiTth  great  probability,  that  thesudd.en  death 
of  marine  animals,  in  these  and  other  similar  cases,  might  have 
been  caused  by  the  sudden  "periodical  discharge  of  large 
bodies  of  turbid  fresh  water  into  the  sea." 

As  an  example  of  the  second  class  of  cases — which  more 
especially  bear  upon  the  present  question — we  may  take  the 
existence  in  the  Lias  of  zones  characterised  by  particular  species 
of  Ammonites.  These  zones  are  usually  of  small  thickness, 
and  the  Ammonite  characterising  each  is  usually  confined  to 
that  particular  horizon  \  whilst  several  of  these  zones  have  been 
found  to  be  persistent  over  very  wide  areas.  As  we  know  of 
no  reason  why  one  species  of  Ammonite  should  flourish  where 
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another  allied  species  would  not,  we  cannot  at  present  account 
for  this  sudden  disappearance  of  one  species  and  its  seeming 
immediate  replacement  by  another.  We  may  be  sure,  however, 
that  we  have  here  an  imperfection  of  the  palreontological  record, 
and  that  in  reality  any  two  zones  must  have  been  separated  by 
a  long  period,  in  wliich  one  species  became  extinct,  or  was  so 
far  modified  as  to  appear  as  a  new  species. 

V.  Disappearance  of  Fossils. — The  last  subject  which 
need  be  mentioned  in  connection  wHth  the  imperfection  of  the 
palaeontological  record  is  that  of  the  disappearance  of  fossils 
from  rocks  originally  fossiliferoiis.  This,  as  a  rule,  is  due  to 
**  metamorphism  " — that  is  to  say,  the  subjection  of  the  rock  to 
a  sufficient  amount  of  heat  to  cause  a  rearrangement  of  its 
particles.  When  of  at  all  a  pronounced  character,  the  result 
of  metamorphism  is  invariably  the  obliteration  of  any  fossils 
which  might  have  been  originally  present  in  the  rock.  To  this 
cause  must  be  set  down  many  great  gaps  in  the  palxonto- 
logical  record,  and  the  irreparable  loss  of  much  fossil  evidence. 
The  most  striking  example  which  is  to  be  found  of  this  is  the 
great  I^urentian  series,  which  comprises  some  50,000  feet  of 
highly  metamorphosed  sediments,  but  which,  with  one  not 
absolutely  cenain  exception,  has  as  yet  yielded  no  remains  of 
life,  though  there  is  strong  evidence  of  llie  former  existence  in 
it  of  fossils. 

Another  not  uncommon  cause  of  the  disappearance  of  organic 
remains  from  originally  fossiliferous  deposits  is  the  percolation 
through  them  of  water  holding  carbonic  acid  in  solution. 
By  this  means  fossils  of  a  calcareous  nature  are  dissolved  out 
of  the  rock,  and  may  leave  no  traces  behind.  This  cause, 
however,  can  only  oi>erate  to  any  extent  in  more  or  less  loose 
and  porous  arenaceous  deposits. 

Lastly,  "cleavage"  may  be  mentioned  as  a  common  cause 
of  the  disappearance  of  fossils.  The  cleavage,  however,  must 
be  very  intense,  if  it  actually  prevents  the  recognition  of  the 
deposit  as  one  in  which  fossils  formerly  existed,  though  cases 
are  not  uncommon  in  which  this  occurs  through  thousands  of 
feet  of  strata.  As  a  more  general  rule,  however,  it  is  not  very 
difficult  to  determine  whether  a  cleaved  rock  has  ever  con- 
tained fossils  or  not,  though  it  may  be  quite  impossible  to 
make  out  the  exact  nature  and  character  of  the  organic 
remains. 
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CHAPTER  V. 

CONCLUSIONS  TO  BE  DRAIVN  FROAf  FOSSILS, 

We  have  already  seen  that  geologists  have  been  led  by  the 
study  of  fossils  to  the  all-important  generalisation  that  the  vast 
series  of  the  FossiliferousorSedimentar>'  Rocks  may  be  divided 
into  a  number  of  definite  groups  or  "formations,"  each  of  which 
is  characterised  by  its  organic  remains.  It  may  simply  be  re- 
peated here  that  these  formations  are  not  properly  and  strictly 
characterised  by  the  occurrence  in  them  of  any  one  particular 
fossil.  It  may  be  that  a  formation  contains  some  particular 
fossil,  or  fossils,  not  occurring  out  of  that  formation,  and  that 
in  this  way  an  obser\'er  may  identify  a  given  group  with  toler- 
able ceruinty.  It  very  often  happens,  indeed,  that  some  parti- 
cular stratum,  or  sub-group  of  a  series,  contains  peculiar  fossils, 
by  which  its  existence  may  be  determined  in  various  localities. 
As  before  remarked,  however,  the  great  formations  are  charac- 
terised properly  by  the  association  of  certain  fossils,  by  the 
pretlominance  of  certain  families  or  orders,  or  by  an  assent^iage 
of  fossil  remains  representing  the  "  life'^  of  the  period  in  which 
the  fonnation  was  deposited. 

Fossils,  then,  enable  us  to  determine  the  agf  of  the  deposits 
in  which  they  occur.  Fossils  further  enable  us  to  come  to  very 
important  conclusions  as  to  the  mode  in  which  the  fossiliferous 
bed  was  deposited,  and  thus  as  to  the  condition  of  the  parti- 
cular district  or  region  occupied  by  the  fossiliferous  bed  at  the 
time  of  the  formation  of  the  latter.  If^  in  the  first  place,  the 
bed  contain  the  remttns  of  animals  such  as  now  inhabit  rivere, 
we  know  that  it  is  '*  liuviatile'"  in  its  origin,  and  that  it  must  at 
one  time  have  either  formed  an  actual  river-bed,  or  been  de- 
posited by  the  overflovving  of  an  ancient  stream.  Secondly,  if 
the  bed  contain  the  remains  of  shell-fish,  minute  crustaceans, 
or  fish,  such  as  now  inhabit  lakes,  we  know  that  it  is  **  lacus- 
trine," and  was  deposited  beneath  the  waters  of  a  former  lake. 
Thirdly,  if  the  bed  contain  the  remains  of  animals  such  as  now 
people  the  ocean,  we  know  that  it  is  "marine"  in  its  origin, 
and  that  it  is  a  fragment  of  an  old  sea-bottom. 

\V*e  can,  however,  often  determine  the  conditions  under 
which  a  bed  was  deposited  with  greater  accuracy  than  this. 

Llf,  for  example,  the  fossils  are  of  kinds  resembling  the  marine 
animals  now  inhabiting  shallow  waters,  if  they  are  accompanied 
by  the  detached  relics  of  terrestrial  organisms,  or  if  they  are 
partially  rolled  and  broken,  we  may  conclude  that  the  fossili- 
L 
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fcroos  deposit  was  laid  doum  in  a  shallow  sea,  in  the  immediate 

vicinity  of  a  coast-line,  or  as  an  actual  shore-deposiL    If,  again, 

the  remains  are  those  of  animals  such  as  now  live  in  the  deeper 

parts  of  the  ocean,  and  there  is  a  very  sparing  intermixture  of 

extraneous  fossils  (such  as  the  bones  of  birds  or  quadnipeds/ 

or  the  remains  of  ])lants),  we  may  presume  that  the  deposit  is 

one  of  deep  water.     In  other  cases,  we  may  find,  scattered 

through  the  rock,  and  still  in  their  natural  position,  the  valves 

of  shells  such  as  we  know  at  the  present  day  as  living  buried 

in  the  sand  or  mud  of  the  sea-shore  or  of  estuaries.     In  other 

cases,  the  bed  niay  obviously  have  been  an  ancient  coral-reef, 

Of  an  accumulation  of  social  shells,  like  Oysters.     I^istly,  if  we 

find  the  deposit  to  contain  the  remains  of  marine  shells,  but 

iJut  these  are  dwarfed  of  their  fair  proportions  and  distorted 

in  figure,  we  may  conclude  that  it  was  laid  down  in  a  brackish 

sea.  such  as  the  Baltic,  in  which  the  proper  saltness  was  want- 

;.  owing  to  its  receiving  an  excessive  supply  of  fresh  water. 

In  the  preceding,  we  have  been  dealing  simply  with  the 

Ttnuins  of  aquatic  animals,  and  we  have  seen  that  certain  con- 

dttiioas  can  be  accurately  reached  by  an  examination  of  these. 

AsTCganhthc  determination  of  the  conditions  of  deposition 

fnm  the  remains  of  aerial  and  terrestrial  animals,  or  from 

plints,  there  is  not  such  an  absolute  certainty.     The  remains 

ofUnd-animals  would,  of  course,  occur  in  "  sul>-aeri:il "  deposits 

—that  is,  in  beds,  like  blown  sand,  accumulated  upon  the  land. 

Cost  of  the  remains  of  land-animals,  however,  are  found  in 

)Sit5  which  have  been  laid  down  in  water,  and  they  owe 

present  position  to  having  been  drowned  in  rivers  or 

or  carried  out  to  sea  by  streams.     Birds,  FlWng  Reptiles, 

Flying  Mammals  might  also  similarly  find  their  way  into 

icous  deposits;  but  it  is  to  be  remembered  that  many  birds 

mammals  habitually  spend  n  great  part  of  their  time  in  the 

ter.  and  that  these  might  therefore  be  naturally  expected  to 

present  themselves  as  fossils  in  Sedimentan'  Rocks.     Plants, 

apin,  even  when  undoubtedly  such  as  must  have  grown  on 

Und,  do  not  prove  that  the  bed  in  which  they  occur  was 

ibrmed  on  land.     Many  of  the  remains  of  plants  known  to 

as  arc  extraneous  to  the  bed  in  which  they  are  now  found, 

ing  reached  their  present  site  by  falling  into  lakes  or  rivers, 

fbeing  carried  out  to  sea  by  floods  or  gales  of  wind.     There 

however,    many   c^ses  in   which   plants   have   undoubt- 

grown  on  the  very  spot  where  we  now  find  them.     Thus 

is  now  generally  admitted  that  the  great  coal-fields  of  the 

)niferous  age  are  the  result  of  the  growth  in  situ  of  the 

plants  which  compose  coal,  and  that  these  grew  oa  vast 
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marshy  or  partially  submerged  tracts  of  level  alluvtl 
We  have,  however,  distinct  evidence  of  old  land-surfao 
^^p,^^^^^__^  in  the  Coal-measurei 
^^— ^^^^— '^  other  cases  (as,  for  13 
in  the  well-known  "d 
of  the  Purbeck  series), 
for  example,  we  find  t 
stumps  of  trees  stai 
right  angles  to  the  si 
ing  strata,  we  know  I 
surface  through  whic 
send  their  roots  waa 
time  the  surface  of 
land,  or,  in  other  wa 
an  ancient  soil  (fig.  5 
Conclusions  as  ' 
MATE. — In  many  cas( 
enable  us  to  come  ta 
tant  conclusions  as 
climate  of  the  period  i 
they  lived,  but  only  i 
stances  of  this  can 
adduced.  As  fossili 
.        ,.  ...      ,..      majority  of  instances 

tig.  5.  — Krcct  Tree  contaiainK   Kcpulian  ■  r 

nam*.     Coal-mca»un»,  Nova  Scolia  <aAer    remams  of  mannc  aU 


Da*rton].  js  mostly  the  temper 

the  sea  which  can  alone  be  detenninetl  in  this  way  j  1 
important  to  remember  that,  owing  to  the  existence  d 
currenti,  the  marine  cimiate  of  a  given  area  does  noi 
sarily  imply  a  correspondingly  warm  climate  in  the  ne 
ing  land.  Land-climates  can  only  be  detcnnined 
remains  of  land-animals  or  land-plants^  and  these  a 
paratively  rare  as  fossils.  It  is  also  important  to  ro 
that  all  conclusions  on  this  head  are  really  based  u 
present  distribution  of  animal  and  vegetable  life  on  tli 
and  are  therefore  liable  to  be  vitiated  by  the  I 
considerations  ;— 

a.  Most  fossils  are  extinct,  and  it  ts  not  certain  ' 
habits  and  requirements  of  any  extinct  animal  were 
similar  to,  or  even  at  all  resembling,  those  of  its  neare 
relative, 

d.  When  we  get  very  far  back  in  time,  we  meet  witl 
of  organisms  so  unlike  anything  we  know  at  the  presejl 
lo  render  all  conjectures  as  to  climate  founded  upon  t 
posed   habits  more  or  less  uncertain  and  unsafe. 
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t:  In  the  case  of  marine  animals,  we  are  as  yet  very  far  from 
knowing  the  exact  limits  of  distribution  of  many  species  within 
our  present  seas;  so  that  conclusions  drawn  from  living  fonns 
as  to  extmct  species  are  apt  to  prove  incorrect.  For  instance, 
it  has  recently  been  shown  that  many  shells  formerly  believed 
to  be  confined  to  the  Arctic  Seas  liave,  by  reason  of  the  ex- 
tension of  Polar  currents,  a  wide  range  to  the  south  ;  and  this 
has   thrown  doubt   uijon   the  concluiiioiis   drawn  from   fossil 

*  shells  as  to  the  Arctic  conditions  under  which  certain  beds 
were  supposed  to  have  been  deposited. 

(/.  The  distribution  of  animals  at  the  present  day  is  certainly 
dependent  upon  other  conditions  beside  climate  alone ;  and 
the   causes  which  now  limit  the  range  of  given  animals  are 

I  certainly  such  as  belong  to  the  existing  order  of  things.  But 
the  establishment  of  the  present  order  of  things  does  not  date 

j  back  in  many  cases  to  the  introduction  of  the  present  species 
of  animals.  Even  in  the  case,  therefore,  of  existing  species  of 
animals,  it  can  often  be  shown  that  the  past  distribution  of  the 
species  was  different  formerly  to  what  it  is  now,  not  necessarily 
because  the  climate  has  changed,  but  because  of  the  alteration 
of  other  conditions  essential  to  the  life  of  the  species  or  con- 
ducing to  its  extension. 

Still,  we  are  in  many  cases  able  to  draw  completely  reliable 
conclusions  as  to  the  climate  of  a  given  geological  period,  by 
an  examination  of  the  fossils  belonging  to  that  period.  Among 
the  more  striking  examples  of  how  the  past  climate  of  a  region 
may  be  deduced  from  the  study  of  the  organic  remains  con- 
tained in  its  rocks,  the  following  may  be  mentioned :  It  has 
been  shown  that  in  Eocene  times,  or  at  the  commencement 
of  the  Tertiary  period,  the  climate  of  what  is  now  Western 
Europe  was  of  a  tropical  or  sub-tropical  character.  Thus  the 
Eocene  beds  are  found  to  contain  the  remains  of  shells  such 
as  now  inhabit  tropical  seas,  as,  for  example,  Cowries  and 
V'olutes;  and  with  these  are  the  fruits  of  palms,  and  the 
remains  of  other  tropical  plants.  It  has  been  shown,  again, 
that  in  Miocene  times,  or  about  the  middle  of  the  Tertiary 
period,  Central  Europe  was  peopled  with  a  luxuriant  flora 
resembling  that  of  the  warmer  parts  of  the  United  States,  and 
leading  to  the  conclusion  that  the  mean  annual  temperature 
must  have  been  at  least  jo"  hotter  than  it  is  at  present.  It 
has  been  shown  that,  at  the  same  time,  Greenland,  now  burled 
beneath  a  vast  ice-shroud,  was  warm  enough  to  support  a  large 
number  of  trees,  shrubs,  and  other  plants,  such  as  inhabit  the 
temperate  regions  of  the  globe.  Lastly,  it  has  been  shown, 
upon  physical  as  well  as  palceontological  evidence,  that  the 
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greater  part  of  the  North  Temperate  Zone,  at  a  comparatively 
recent  geological  period,  has  been  visited  with  all  the  rigours 
of  an  Arctic  climate,  resembling  that  of  Greenland  at  the  pr^ 
sent  day.  This  is  indicated  by  the  occurrence  of  Arctic  shclb 
in  the  superficial  deposits  of  this  period,  whilst  the  Musk- 
and  the  Reindeer  roamed  far  south  of  their  present  limits. 


CHAPTER  VT. 

D/V/S/OA\9  OF  THE  AXfMAL  A'LVODOAf,  AND 
SUCCESSION  OF  OJ^GANIC  TYPES, 

It  seems  hardly  necessary  to  remark  that  Palaeontology,  ai 
a  science,  is  based  upun  the  kindred  sciences  of  Zoology  and 
Botany,  and  that  no  satisfactory  acquaintance  with  the  foraier 
can  be  arrived  at  without  the  previous  acquisition  of  some 
knowledge  of  the  latter.  It  cannot  be  pretended  to  teach  hoe 
even  the  rutliments  of  these  sciences,  but  there  are  a  few  poinu 
which  may  be  noticed  as  having  a  special  bearing  upon  the 
study  of  Palaeontology. 

Classification  ov  the  Animal  Kingdom.- — I^eaving  the 
vegetable  kingdom  till  we  come  to  speak  of  fossil  plants,* 
few  remarks  may  be  made  on  the  classification  of  the  aiumal 
kingdom.  Vast  as  is  the  number  of  known  animals,  all, 
whether  living  or  extinct,  may  be  classed  under  some  five  or 
six  primary  divisions  or  ''morphological  types,"  which  arc 
technically  spoken  of  as  the  *'  sub-kingdoms."  All  the  animals 
in  any  one  sub-kingdom  agree  with  one  another  in  their 
structural  type,  or  in  the  fundamental  plan  upon  which  they 
are  constructed;  and  they  differ  from  one  another  simply  ill 
the  modifications  of  this  common  p)an.  No  comparison, 
therefore,  is  possible  between  an  animal  belonging  to  one  sub- 
kingdom,  and  one  belonging  to  another,  since  their  distinguish- 
ing characters  are  the  result  of  the  modification  of  two  essen- 
tially different  ground-plans.  Hence,  it  is  possible  to  arrange 
the  animals  of  any  one  sub-kingdom  in  something  bke  a  linear 
series,  in  which  the  lowest  of  the  series  most  closely  approach^ 
the  primitive  or  ideal  form  of  the  sub-kingdom,  whilst 
highest  exhibits  the  greatest  amount  of  complexity  and  s|; 
isation  of  this  type.  But  it  is  not  possible  to  establish 
such  linear  classification  for  the  animal  kingdom  as  a  wh( 
Given  an  animal   of  a   lower  "sub-kingdom"  than   ano 
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animal,  no  amounl  of  complexity,  no  specialisation  of  organis- 
ation, can  raise  the  former  above  the  latter.  The  one  may  be 
the  result  of  the  high  evolution  of  a  low  morphological  type, 
the  other  may  be  the  result  of  the  low  evolution  of  a  higher 
morphological  type,  but  the  superiority  of  the  ground-plan 
gives  the  latter  the  higher  place.  We  must  therefore  abandon 
the  idea  that  it  is  possible  to  establish  a  linear  classification  of 
the  animal  kingdom. 

The  following  synoptical  table  gives  briefly  the  leading 
divisions  of  the  animal  kingdom,  and  the  chief  characters  of 
these : — 

TABULAR  VIEW  OF  THE  CHIEF  DIVISIONS  OF  THE 
ANIMAL  KINGDOM. 

\  INVERTEBRATE   ANIMALS. 

suB-xrycDOM  r.— protozoa. 
Animal  simple  or  forming  colonics,  usually  very  minute  ;  the  body  com* 
po&cd  of  the  structureless,  jelly-like,  albuminous  substance  calleil  "sar- 
code;"  not  divided  inin  regular  segments  ;  having  no  nervous  system  ;  no 
regular  circulatory  system  ;  usually  iiu  mouth;  no  definite  body-cavity  or 
digestive  system,  or  at  most  but  a  short  gullet 

CtASS  A,  GregarinidvC — Minute  Protozoa  which  inluiliit  the  interior 
of  insects  and  other  animaU,  and  which  have  not  Ihe  power  of  throwing 
out  prolongations  of  their  substance  (]>seudopoiUa).     No  mouth. 

Class  B.  Rhizopoda  (Root-footed  Protozoa). —i'rotozoi  which  are 
nmple  or  compound,  and  have  the  power  of  throwing  out  and  retracting 
prolongations  of  the  body-substance  (the  so-called  *' pseud opxlia'*).  No 
mouth,  in  most,  if  not  in  all. 

Order  I.  Monera. — Ex,   Protogenea. 

Order  2.  Amabta, — Ex.  Proteus  Animalcule  (Amo?ha). 

Orders.  Foramini/era,— Ex.  Lagena.  Nodasaria»  Globigerino. 

Order  4.  Radwlarta. — Ex.  Thalassicolla,  I'olycystina. 

Order  5.  Spottgidti.^Ex.  Fresh-water  Sponge  iSpongilla),  Vcnus's 
FIower-Baslcel  (EuplcctcUaJ. 

Class  C.  InfL'sorja  (lufusorian  Animalcules). — Protozoa  with  a  muulh 
and  short  gullet  ;  dcbtitutc  of  the  piivver  of  emitting  pscudopodin  ;  fumisberl 
with  vibrutilc  cilia  or  contractile  filaments;  the  body  u>ual]y  composed  of 
three  distinct  layers. 

Onler  I.   CUia/a. — Ex.  Bell-animfllcuIe(VorticeIla),  Paramoecium. 

Onler  2.  Eiag<:iia(a,  —  Ex.   Perancma. 

Order  3.   Siu/irria. — £j.    PoJbphyra. 

Sb'B-KI.\CDOAt  I!.—Ci:ELE.\T£RA  TA. 
Animals  whose  alimcntarj*  canal  communicates  freely  with  the  general 
ity  of  the  IxnJy ;  botiy  cnmposeil  essentially  of  two  layers  or  membranes, 
outer  layer  or  " ectoderm,"  and  an  inner  layer  or  "endoderm."'  No 
circulatory  system  or  heart,  and  in  most  no  nervous  system.  Skin  fur- 
nished with  minute  stinging  oryans  or  "thrcad-ceib,'*  Distinct  reproduc- 
tive-organs in  all. 

Class  A.  IIypkuzu.v. — Walls  of  the  digestive  sac  not  separated  from 
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tho<>e  of  the  general  body-cavity^  the  two  coinciding  with  one  ani 
Reproductive  oi^ns  external. 

Sub-class  I.  HvDROlDA  (Hydroid  Zoopbytes). 

Order  I.  IfyHrida. — Ex.   Frcsh-watcr  Pol)'pc  (Hydra) 
Order  3.  Corynida. — Ex,   Pipe-coralline  (Tubularia). 
Order  3.  Sertttlarida. — Ex.   Sea-firs  (Scrtularia). 
Sub-class  II.   SiPHONoPHORA  ^Oceanic  Hydrozoa). 
Order  4.   OiiycppAoriJa, — Ex.  Diphyes, 
Order  5.  Physophorida.-^Ex.    Portuguese 
Sub-class  III.   DISCOPHOKA  (Jclly-fi^h). 

Order  6.  Medniida — Ex.   Trachyncma. 
Sub-class  IV.  LucER.NARiUA  (Seablubberx). 
Order  7.  Lucfruarid(i.-~Ex.   Lucenmria, 
Order  8.  PeUi^ia.-^-Ex,  Pelagia. 
Order  9.  Rhiiostomida. — Ex.  Khlzo&toma. 
Sub-class  V.  GnArTOLiTiDyC  (extinct). 

Class  B.  Actinozoa. — Stomach  opening  below  into  the  body-cavi^i 
which  is  divided  into  a  number  of  compartments  by  a  scries  of  rertical  p«- 
tilions  or  *'  mesenteries."     Reproductive  organs  internal. 

Order  i.  Zoantharia. — Tentacles  simply  rounded,  in   multiples  o( 
five  or  six,  — /Tjr.  Sea-Anemones  (Actirvid*),    Ster- 
corals (Astneidce),  Bra.in-corals  (Meandnna),  Madre- 
pores  (Madreporid:c]. 
Orders  ^/cjvwanu.— Tentacles   fringed,    in  multijiles  of  foar.— 
Ex.  iJcad-man's-tocs  (Alcyonium),  Organ-pipe  Coral 
(Tubipora),  Scarods  (Vii^laria),  Sea-pens  (P< 
tula),  Red  Coral  (CoralUum), 
Order  3,  Rugosa  (extinct). 
Order  4.   Ctenaphora. — Animal   oceanic,    swimming  by   means 

liands  of  cilia  or  "  clcnophorcs." — Ex.    PleunobradBib 
Venus's  Girdle  (Ccstum). 

SVB-KIKGDOM  ITl.^ANSULOWA. 

Animals  in  which  the  alimentary  canal  is  completely  shut  ofT  from  ibe 
general  cavity  of  the  body,  and  in  which  there  is  a  distmct  ncrrous  system. 
A  true  blood-circuLitory  ^y!llcm  mayor  may  not  l)e  present.  In  all  lbe« 
is  a  peculiar  system  of  canals,  which  usually  communicate  with  the  exterior, 
and  which  constitute  what  is  called  the  "water-vascular  sj'stcro."  The 
body  of  the  adult  is  never  composed  of  a  succession  of  definite  rings,  or  pro- 
vided MriEh  successive  pair^  of  appendages  disposed  sj'mmctricaulj  on  the 
two  sides  of  the  body. 

The  Annuloida  arc  divided  into  two  great  classes  : 
A.  EcHiNonERMATA. — Intqjument  comptjsed  of  numerous  calcareou 
plates  joined  together,  or  leathery  and  having  grains,  spines,  or  tubercles 
of  calcareous  matter  developed  in  it..  Water-vascular  system  (ambuUoil 
system]  mostly  employed  in  locomotion,  and  generally  communicating  with 
the  exterior.  Adult  generally  more  or  less  starlike  or  "radiate"  in  5h.npc; 
young  mostly  showing  more  or  less  complete  "bilateral  symmetry,"  that  is 
showing  similar  parts  on  the  two  sides  of  the  body.  Nervous  ^rsten 
radiate. 

Order  1.   Crinoidea  (Sea-lilies). — Ex.  Feather-star  (Comatuk),  M^ 

dusa-head   Crinoid    (Pentacrinns),    Stone-lily   (Eocii- 

nus. ) 

Order  2.  Blastoidra  (extinct), 

Order  3.   Cystoidta  (extinct). 
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Order  4.  Ofhiuroidea   (Brittle-stars) — Ex.    Sand-stars    (Ophiura), 

Brittlc-stani  (Ophiocoma). 
Order  5*  AsUroidta  (Star-fisncs). — Ex.  Cross-fish   (Urastcr)^  Sun- 
star  (Solaster),  Cushion-star  (Goniasler). 
Order  6.  EchinoiJta    (Scft-urchins).  —  Ex,    Sea-eggs     {Ediiniis), 

Heart-urchins  (Spaiangus). 
Order  7.  HolothuroiJM   {Sea-cucumbeni}. — Ex.   Trepongs    (Hulo- 

thuria). 
B.   ScoLECiDA. — Body  usually  Hattenetl,  or  cylindrical  and  wonn-Uke  ; 
integument  soft,  without  lime.      Water-va-scular  system  not  assisiing  in 
locomotion.      Nervous  system  consisting  of  one  or  two  gangHa  or  little 
masses  and  not  disposed  in  a  radiate  manner. 

Order  1.    Taniada. — Ex.  Tape-worm  (Tscnia), 

Order  2.   Trtmatoda    (Suctonol   worms), — Ex,   Liver-fluke    (Dis- 

toma] . 
Order  3.    TuH/eiiarh. — Ex.    Planarians  (Plajiaria),   Ribbon-worms 

(Ncmertes). 
Order  4.  Acanthoaphala   (Thorn-headed    worms). —Ax.    Echlno- 

rhynchus. 
Orders.   GordUic^a  (\\o.\x-^'ora\s). — Ex.  Gordius, 
Order  6.  AwwWd  {Thrcad-womib). — Ex.   Round-worni  (Ascaris), 

Guinea-worm  (Filaria),  Vincgar-cci  (Anguillula). 
Order  7.  RoHfera    (Wheel-auimalcules). — Ex.    Builder-animalcule 

(Meliccrta),  Flexible  Creeper  (Noturamata). 

SUB'KISGDOM  IV.—ANNVLOSA. 

Animal  composed  of  numerous  definite  segments  or  "  somites,"  arranged 
longitudinally,  one  behind  the  other.  Neirous  system  always  present,  con- 
sisting (ypicnlly  of  a  double  chain  of  nervous  masses,  or  ganglia,  which  are 
placed  along  the  lower  surface  of  the  body,  and  form  a  collar  around  the 
gullet.  Limbs  (when  presenl)  turned  toward  that  side  of  the  Ixxly  on 
which  the  main  masses  of  the  nervous  system  are  situated. 

Division  A.  Anarthropoda. — Locomotive   apijcndages,   when    pre- 
sent, not  distinctly  jointed  or  articulated  to  the  Ixidy. 
Class  I.  Gephyrea, — Ex.   Spoon-worms  (Sipunculus). 
Class  11.   Annkuda  (Ringed-worms). 
'  Order  1.  Hirudinta. — Ex.  Leeches  (Sanguisuga,  Hirudo). 

Order  2.   Oiigoehitla.  —  E.x.    Earth '  worms    (Lumbricus),    Water- 
worms  (Nais). 
Onler  3.    Tubicola. — Ex.  Tube-worms  (Seryiula). 
Order  4.  Erramtta. — Ex.  Sand-worms  and  Sea-ccnlipcdes  (Nereis), 
Lob-worm  (.'\renicola).  Sea-mouse  (Apnrodite). 
Cl.*S.s  III.  CHvBTognatha  (Arrow-worms).— Ax.  Sa^tta. 
Divisio.N  B.  Arthkopoda. — Locomotive  appendages  jointed  or  articu- 
ixted  to  tlie  bo<Iy. 

Ci-ASS  I.  CRt;sTACEA.— Respiration  aquatic,  mostly  by  gills.  Two 
pairs  of  antennie.  Limbs  more  than  four  pairs  in  number,  carried  upon  the 
thorax,  and  generally  the  alulomcn  also. 

Order  1.   Ichthyophthira. — Ex.   Lenixa, 

Order  2.    Rkizocephala. — Ex,  Peltogastcr. 

Order  3.  Cirripctiia.— Ex,  Barnacles   (Lcpas),   Acorn-shells   (Bal- 

anus). 
Order  4.  Ostreuoda.  — JSjr.  Water-fleas  (Cypris). 
Order  5.   Coptpoda. — Ex.  Cyclops. 
Order  6.   Cladoiera. — Ex.  Brancned-bomed  Water-fleas  (Daphnia). 
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Order    7.  Phyllopoda, — Ex.  Brine-shrimp  (Artemiii). 

Order     8.    Tiniobtta  (Extinct). 

Order    9.  AferosUmuita. — Ex.  King-crabs  (Limulus). 

Order  lo.  LiCHU>dipoda. — Ex.   Whale-louse  (Cyamus). 

Orrler  il.   Tsopisiii. — Ex.   Wood-lice  (Oniscus),  Slaters  (Tigia). 

Order  12.  Amphipada. — Ex.    Sandliopjjer   (Talilrus),  Fre^kh' 

Shrimp  (Gammanis). 
Order  13.  Stffntapoda.^Ex.   Locust-shrimp  (Squilla). 
Order  14.  DecafoJa.^Ex.  Lobster  ( Homams),  Cray*fish  (Asl 

Shrimps  (Cnuigon)  \  Hermit-crabs  (Pogurus) ; 

(Cancer,  Carcihu&),  Land-crabs  (Gecarcinus). 
Class  II.  ARACtlslDA. — Respiration  aerial,  by  pulmonary  chami 
air-lubes  (tradica;)  in  the  hiyher  fomvs.     Anlennse  concerted,  into  fk\ 
Head  and  thorax  amalgamated.     Four  pairs  of  legs.     Abdomen  withoit 
limbs. 

Order  i.  Podcsomata  (Sca-spidcrs).— jfi'jr.  I^cnogonum. 

Order  2.  MonomtroiomaUt.—Ex.  Mites(Acarus),  Water-mites (Hj^ 

drachna),  Ticks  (Ixodes). 
Order  3.  Adthirthrosomata.  —  Ex.    Harvest-spiders  (PhalangidK), 

Book -scorpions  (Chelifer). 

4.  Pixiipalpi. — Ex.  Scorpions  (Scorpio). 

5.  AraneUa.—Ex.  Huuse-spiders  (Tegenarta),  Ficld-spidcn 
(Epeira). 

Class  HL  Myriai'oda.— Respiration  aerial,  by  trachece  (air- tubes  I  or 
by  the  skin.  Head  distinct  ;  remiiinder  of  body  composed  of  nearly  simi- 
lar segments.  Legs  more  than  eight  pairb  in  number,  and  borne  paitl; 
upon  the  abiiomen.     One  pair  of  axitcniix. 

Order  I.   Chitopoda. — Ex.  Centipedes  (Scolopendra). 

Order  3.   Chihgnatha. — Ex.  Millipe<ies  (lulus). 

Order  3.   Ptiuropoda.—Ex.   Pauropus, 
Class  IV.  Inskct.v.  — Respiration  aerial,  by  trachecc.     Head,  thoru. 
and  abdomen  distinct.     One  pair  of  anlcnuc'e.     Tha*e  pairs  of  legs,  »od 
generally  two  pairs  of  wings  on  the  thorax.     No  locomotive  limbs  00  tbr 
abdomen. 

1.  Anoplura. — Ex.  Lice  (Pediculus). 

2.  Mallophaj^a  (liird-lice). 

3.  Thysanura  (.Springtails). 

4.  Ha»iptera.-'Ex.   Plant-lice  (Aphides),  Field-bug  (Ptt* 
tatoma).  Cochineal  Insects  (Coccus). 

Order    5.   OrthopUra. — Ex.    Locusts    (Acrydium),    GnLss-hi 

(Gryllus),  Crickets  (Achetina),  Cockroach  (Bhitta^ 

6.  Neuroptera.  —  Ex.   White   .Ants  (Tcniies),    Dragon-flies 
(Libellulidie),  May-flies  (Kphemerida?). 

7.  Aphaniptera^—Ex.   Klcas  (Pulcx). 

8.  Diptera.  — Ex.    Gnats    (Culex),    Crane-flies    (Ttpula),^ 
Housc-flifS  .iind  Fiesh-llies  (Miisca).  ~ 

9.  Lepidoptcra  (Butterflies  and  Moths). 
Order  10.  Hymawpicra. — Ex.  Bees  (.A.pid:tj,  Humble-bees 

bid.x),  Wasps  1  Vespida*),  Ants  (Kormicidx),  SaW' 

(Tenthrcdinidu;). 
Order  II.  Strepsiptfra. — E.x.   Stylops. 
Order  12.  CoUopfera  ^Beetles). 

SUB-K'TNGDOM  V.—MOLLUSCA, 
Animal  sofl-hodied^  generally  with  a  hard  covering  or  shelL     N< 
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system  consistmg  of  a  single  ganglion  or  of  scattered  pairs  of  ganglia.     A 
distinct  hcnrt  and  hrcathing-organ,  or  neither. 

The  Mollusca  may  be  divided  into  the  two  followiog  primary  diviaons, 
containing  the  following  classes  : — 

A.  MoLLUscoioA.— Nervous  system  consisting  of  a  single  ganglion  or  of 
a  principal  pair  of  ganglia.     No  heart,  or  an  imperfect  one. 

Class  I.  Polyzoa.— Animal  always  forming  comjwund  growths  or 
colonies.  No  heart.  The  mouth  of  each  zould  i.urrounded 
by  a  circle  or  crescent  of  ciliated  tentacles. — £.x.  Sea- 
mals  (Fluslra),  l^cc-coral  (Feneslella). 

Class  II.  TuNtCATA. — Animal  simple  or  compound^  enclosed  in  a 
leather^'  or  gristly  case.  An  imperfect  heart. — Ex.  Sea- 
squirts  (Ascidia). 

Class  IlL  BKAcnioPoUA. — Animal  always  simple  ;  the  body  enclosed 
in  a  bivalve  shell.  Moutli  furnished  with  two  long  fringed 
processes  or  "arms."— iffjf.  Lamp-shells  (Terebratula). 

B.  MOLLUSCA  Pkopeh. — Nervous  system  consisting  of  three  principal 
pairs  of  ganglia.    Heart  well  developed,  consisting  of  al  least  two  chambers. 

Class  IV.  Lamellibranchiata  {Bivalve  ShcU-fihh). — No  distinct 
head;  no  teeth.  Body  enclosed  in  a  shell  which  is  "bi- 
valve," or  comjTOsed  of  twu  distinct  pieces.  One  or  two 
leaf-like  gills  on  each  side  of  the  Ixxly.— Ajr.  Oyster 
(Ostrca),  Scallop  {Pecten),  Mussel  (Mytilus). 

Class  V.  Gasteropoda.— A  distinct  head  and  toothed  tongue.  Shell 
absent  in  some,  but  mostly  present,  and  usually  consisting 
of  a  single  piece  (**  univalve  ").  Locomotion  effected  by 
creeping  about  on  the  flattened  under  surface  of  the  body 
(**  foot  '},  or  by  swimming  liv  mcan>  of  a  fin-like  modifi* 
cation  of  the  same. — Ex.  ^'helks  {Buccinum),  Limpets 
(Patella),  Sea-lemons  (Doris),  Land*snails  (Helix),  Slugs 
(Limax). 

Class  VI.  PTERorouA. — Animal  oceanic,  swimming  by  means  of  two 
wing-like  appendages,  one  on  each  side  of  the  head.  Size 
minute. — Ex.  Clcodora. 

C1.ASS  VII.  Ckphalopoda.— Animal  with  ei^lu  or  more  arms,  placed 
in  a  circle  round  the  mouth.  Mouth  armed  with  jaws,  and 
and  a  toothed  tongue.  Two  or  four  plume-like  gills.  In 
front  of  the  Iwdy,  a  muscubir  tube  ("funnel")  through 
■which  is  expelled  the  water  which  has  been  used  in  respira- 
tion. An  external  shell  in  some,  an  internal  skeleton  in 
others.— ^'jr.  Calamaries  (Loligo),  Cvilile*fches  or  Poulpes 
(Octopus),  Paper-Nautilus  (Argonauts),  Pearly  Nautilus 
(Nautilus). 


VERTEBRATE  ANIMALS. 

SVB' KINGDOM   VI.  —  VERTEBRATA- 

Body  composed  of  a  number  of  definite  segments  arranged  longitudinally, 
or  one  behind  tljc  other.  The  main  masses  of  the  nervous  system  are 
placed  on  the  dorsal  aspect  of  the  body,  and  are  completely  shut  off  from 
the  general  body-cavity.  The  limbs  (when  present)  are  turned  away  from 
that  side  of  the  body  on  which  the  main  nervous  masses  are  situated,  and 
are  never  more  than  four  in  number.  In  mo<it  cases  a  backbone,  or 
"vertebral  column,"  is  present  in  ihe  fully-grown  animaL 
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INTRODUCTION. 

Class  I.  Pisces  (Fishes). — Breathing-organs  in  the  form  of  gills, 
usually  of  two  ch."imbcr5,  rarely  of  ihrcc.   Blood  cold.   Limb^  wlien  pi 
converted  into  (in!*. 

Order  l.  PAaryng&ln-ancAii. — Ex.  Lancelet  ^Amphioms), 

Order  2.  Afarsipohrattrhu. — Ex.   lamprey  {Pammyum)^    llag-fuii 

{AfyxtHf), 
Order  3.    Tdeostei  (Bony  Fishes). — Ex.  Eels   (Mur%Did.-«),   Ha- 
ring!)  {Clupcida*),  Salmon  and  Trout  (Salmonidie),  Cod 
and  Haddock  (Gadi>Ia;),  Flal-fisHes  (PIcuroncclida), 
Perch  (Pcrdd:c),  Mackerel  (Scomlwrida:). 
Order  4.   Canoidei,  —  Ex.    Bony   Pike  (I^pidostens),    Paddle-fish 

(Spatularia),  Sturgeon  (Sturio). 
Order  5.  Elasmobran<hii. — Ex,    Sharks   (Carcharid*e)»   Dog-fishes 
(Scylliadaf),    S.iw-fishes    (Pristis),    Rays  and   Skalb 
(Raiidte). 
Order  6.  Dipnoi. — Ex.   Mud-fish  (Lcpldosircn). 
Class  II.  Ampiiiuia  (Amphibians). — Breathing-organs  in  the  young  in 
the  form  of  gills  alone,  afterwards  lungs,  either  alone  or  associated  with  gills. 
Skull  jained  to  the  backlione  by  two  articulating  surfaces  ('*  condyles"). 
Limbs  never  converted  into  fins.     Heart  in  the  young  of  two  chambers 
only,  in  the  adult  of  three  chambers.     Blood  cold. 
Order  i.  Labyrinthodcntia  (extinct). 
Order  2.   Ophu>morpka. — Ex.   Ccecilia. 

Orders.  Urodda      (Tailed     Amphibians).  — Ex.    Water- newt* 
(Triton),   Salamanders  (Salamandra),  Axololl  (Sire- 
don),  Mud-eel  (Siren). 
Order  4.  Anoura    (Tailless    Amphibians). — Ex.    Frogs    (Rana), 
Tree-frogs  (Ilyla),  Toads  (Bufo),  Surinam  Toads  (Pipi-I 
Class  III,  Reptilia  (Reptiles). — Respiratory  organs  in  the  form  of 
lungs,  never  in  Ihe  fnrm  of  gills.     Heart  three-chambered,  rarely  four-chjom- 
bcrcd,  the  pulmonar)'  and  systemic  circulations  always  connected  logrihcr 
directly,  eilner  in  the  heart  itself  or  in  its  immediate  neighbourhood.     Blood 
cold.     Skull  jointed  to  the  backbone  by  a  single  arliculating  surface  or 
"condyle."      Each  half  of  the  lower  jaw  composed  of  several  pieces. 
Appendages  of  Ihe  skin  in  the  form  of  scales  or  plates. 

Order  r.   Chehnia.  —  Ex,  Turtles    (CheloniidK),    Soft    Tortoises 

(Trionycidii.'),  Terrapins  (Emydidx),   Land  Tortoisei 

(Testudinitlre). 

Orders.   Opkitiin.—Ex.  Viper?   (Viperidw),  Rattlcsmikes  (Crota- 

lidx),  Sea-snakes  (Hydrophids),  Boas  and  Pytbocis 

(BoidK). 

Order  3.  IjuertiOa. — Ex.  Lirards  (Lacerta),  Iguanas   (Iguanidc), 

Monitors  (Vamnidx),  Chameleons  {Chamueleonlidx). 

Order  4.   Crocodilia. — E.x.  Crocodiles  Alligators,  Gavials. 

Order  5.  Ichthy&ptny^  (extinct). — Ex.   Ichthyosaurus. 

Order  6.  .SiiwrcyV<rj/^T«*  (extinct). — Ex.   Plesiosaurus. 

Order  7.  Pterosaur ia  [tximcx].^ Ex.  Pterodactylus. 

Order  8.  A nomcdpntia  (extinct).— ^.r,  Dicynodon. 

Order  9.  Deinosaurta  {cx\mc\).^Ex.  Igiianodon. 

Class  IV.  Aves  (Birds).  —  Respiratory  organs  in  the   form 

never  in  the  form  of  gilU.     Lungs  connected  with  nir-receptaclcs  placed  in 

different  parts  of  the  body.     Heart  four-chambered*     Blood  warm.     SknD 

connectwl  \v\\\\  the  backbone  by  a  single  articulating  surface  or  "  condyle." 

Each  half  of  the  lower  jaw  composed  of  several  pieces.     Appendages  of 

the  skin  in  the  form  of  feathers.     Cavities  of  the  chest  and  aodomen  oot 
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icpanitcd  by  a  complete  partition  (diaphmgm).     Fore*timbs  converted  into 
wings.     Aniinal  oviparoxis. 

Order  I.  Xata/ora    (Swimmers).  —  £x.   Penguins    (Spheniscidx), 

Gulls  (Laridft^),  Ducks  (Anatidse),  Geese  (Anserinse), 

Flamingos  (Vhacnicrtpleridj?). 

Order  a.  Cra/Zij/arrs  (Wntlers).  — i5"x.   Rails  (Rallid.T),  Woler-hens 

(Ciallinuln:},    Cranes     (Gruidae),    Herons    (Ardeida:), 

C  Storks  (Ciconinie),   Snipes  and  Woodcock   (Scolop- 

Acid^e),     Plovers,    Oyster  •catchers,    and   Turn!>toiies 
(Charadriidcc). 
Order  3.   Curn*ra  (Runners).— £jr.   Ostrich   (Slruihio),    American 
Ostrich  (Khea),  Emeu  (Dromaius),  Cassowary  (Casu- 
ariu&),  Apteryx. 
Order  4.   Hasores    (Scratchers). — Ex.     Grouse,    Ptarmigan,    Par- 
tridges,  Pheasants,    Turkey,   Guinea-fowl,    Domestic 
Fowl.  Pea-fowl  (Gallinacei)  ;  Doves,  Pigeons,  Ground- 
pigeons  (Colurabacci). 
Order  5-  Scansores  (Climbers). — Ex.    Cuckoos  (Cuculida:),  Wood- 
peckers   (Picidic),    Parrots,     Cockatoos,    Parrakcets 
(p5itlaci<l:e).     Toucans     (Rhamphastidx),     Trogons 
(Trogonidar). 
Order  6.  /nsessores   <Perchcr5).^£j-.  Crows,    Magpies,   and  Jays 
(Corvidw),  Starlings  (Sturnidx),  Finchts;,  Groslx'aks, 
Larks   (Frtngillidx),    Thrushes,    Blackbirds,    Orioles 
(Mcmlitla;),  Creepers  and  Wrens  (Certhida:),  Hum- 
ming-birds   (Trochilida;),     .Swallows    and     Martins 
{Hirundinidx),  Swifts  (CypselidiK),  King-fishers  (Al- 
cc.fV\mt\x). 
Order  7.  Raptorcs   (Birds  of  Prey).— .^Jf.    Owls  (Strigida?),  Fal- 
cons  and  Hawk%  (Falconidit),  Kagles  (Aquilina),  Vul- 
tures (VuUuridx). 
Order  8.   Saurunt  (extinct). — Jlx.  ArchtEoptcryx. 
Class  V.  Mammalia  (Mammals  or  Quadrupeds).— Respiratory  organs 
in  the  form  of  lungs,  which  are  never  connected  with  air-sacs  placed  in 
tlifTerenl  parts  of  the  body.     Heart  foiir-chamljcreil.     BIockI  warm.      Skull 
united  to  the  backbone  by  two  articul.iting  surfaces  or  "  condyles."     Each 
half  of  the  lower  jaw  composed  of  a  single  piece.     Appendages  of  the  skin 
in  the  form  of  hairs.     Young  nourished  by  means  of  a  special  fluid— the 
milk, — Mjcretedby  special  glands — the  mammary  glands.     Animal  vivipa- 
rou.s. 

A.   No.N'.pLACEVTAi.    MAMMALS. — The    yomig    not    provided   with  a 
placenta. 

Order  l.  Monoiremata. — Ex.   Duck-mole  (Omilhorhynchui),  Spiny 

Ant-calcr  (Echidna). 
Order  2.  Marsupialia,  —  Ex.    Kangaroos     (Macropodida:),     Kan- 
garoo-bear   (Phascolarctos),    Phalangtrs    (Phalnngis- 
tida),    Opossums    (DidclphidxO,     Tasmanian    Devil 
(Dasyurus). 
Placental  Mammaus. — The  young  provided  with  a  placenta. 
Order  3,  EdentaSa. — Ex.  Sloths  (BradyixHiidA*),  Armadillo*  (Dasy- 
podid.T),  Hairy  Ant-eaters  (Myrmocophagidx-),  Scaly 
Ant-eaters  (Manis). 
Order  4.   Sireuia. — Ex.   Manatee  (Man.itns),  Dvigr>ng  (Halicorc). 
Order  5.   Cdacea.^Ex.  Whalebone-whales    (BaJienidx),    Sperm- 
whales  (Physeterida:),  Dolphins  and  Porpoises  (Del 
phinidar). 
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Order  6.  Uttf^hta  (Hoofed  Quadrupeds). — Ex.  Rhinoceros; 
Tapir;  Horse,  Ass,  and  Zebra  (Equidae)  ;  llippopota* 
mu5 ;  Hop  and  Peccaries  (Suida)  ;  Camels  and 
Llamas  (CameUda:)  ;  GirafTe  ;  Sta^s,  Elk,  Reindeer 
(Cervidx);  Antelopes  (Antilopida:) ;  Sheep  and  GoAts 
(Ovidre)  ;  Oxen  and  BufTalues  (Bovidx).  J 

8.  Proboscid€a,^~ Ex,   Elephants  {Eiephas).  ■ 

9,  CtirHtvffra. — £x.     ISeaJs   {i'hocidse),    Bears   (UrsidxK 

Racoons  (Procyon)*  Badgers  (Melida;),  Weasels  and 
Otters  (Mustelida')j  Civets,  and  Genetic*  (Vivcrrid.t), 
Dogs,  Wolves,  and  Foxes  (Canidx)  ;  Hjrxnas 
(Hy;tnida'),  Cats,  Lynxes,  Leopardii,  Tigers,  Lions 
(Fclidiv). 

Order  10.  Rodmtia. — E.x.  Hares  and  Rabbits  (Leporidae),  Porcu- 
pines (Hys(ricidx-),  Beavers  IJCastoridic),  Mice  and 
KaU  (Muridx),  Dormice  (MyoxideeJ,  Squirrels  and 
Marmots  (Sciurid:e)- 

Orderll.  Chwroptira.  ~  Ex.     Common    Bats   (Vespcrlilionida), 
Hor&e*«hoc-bul!i  (Rhinolophida*),  Vampirc-bats  (Phyl* 
lostomidx).  Fox-bats  (Ptcropid.T^. 
/rtsii-th'(fra.—Ex.    Motes  (Talpidce),  Shrew-mice  (Sori- 

cid.x*).  Hedgehogs  (Erinaceidie). 
Quadrufttana, — Ex.  Aye-aye  (Cheiromys),  Lemurs  (Le- 
murida*),  Spider-monkeys  (Ateles),  Howlers  (Mr* 
cctes),  ^!acnqucs  (Macacus),  Baboons  (Cynocebhaliu]. 
Gibbons  (Hylubates),  Orang  (Simla),  Gorilla  and 
Chimpanzee  (Troglodytes). 

Order  14.  Bimana, — Man  (Homo  Sapiens). 


Order  I2, 
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General    SuccESsmx    and    Progression    of    Organic 
Types. — Whilst  admitting  the  impossibility  of  arranging  the 
animal  kingdom  npon  any  linear  plan,  no  doubt  obtains  as  to 
the  fact  that  some  of  the  fundamental  *'  morphological  types/' 
or  plans  upon  which  animals  have  been  consttoicied,  are  higher 
than  others.     Every  one  admits,  for  examjjle,  that  the  VertbH 
brate  type  is  higher  than  the  MolUisran  or  the  Articulate  t}-p^H 
an  admission  which  is  not  affected  by  the  fact  that  the  highest 
Molluscs  and  Articulates  are  superior  in  point  of  organisation 
to  the  lowest  Vertebrates.     In  the  same  way,  within  the  limits 
of  each  sub-kingdom,  every  one  admits  that  some  of  the  groups 
are  higher  than  the  others.     Every  one,  for  exami)le,  would 
admit  that  a  Mammal  is  a  superior  animal  to  a  Fish.     It  fol- 
lows from  this  that  a  certain  general  arrangement  of  theaninaal 
kingdom,  as  a  whole,  is  possible,  upon  the  comparative  basis  ^ 
of  the  morphological  type  of  the  sub-kingdoms.     SimilarlyiM 
general  antl  more  exact  arrangement  of  the  classes  and  orders^™ 
of  each  sub-kingdom  may  be  made  by  the  degree  of  perfection 
in  which  the  tyi)e  of  the  sub-kingdom  is  carried  out  in  each. 

No   generalisation  of  Palaeontology  seems  to  stand   on  a 
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nimer  basis  than  that  which  asserts  that  there  has  been  a 
geocral  succession  of  organic  types,  and  that  the  appear- 
ance of  the  lower  forms  of  Jife  has  in  the  main  preceded  that 
of  the  higher  forms  in  i>oint  of  time.  In  other  words,  it  is 
one  of  the  generalisations  of  Palasontology  that  there  has 
not  only  been  a  succession,  but  also  a  propYSsion^  of  organic 
types  in  proceeding  from  the  earliest  fossilifcrous  deposits 
op  to  the  present  day.  ^Vhilst  this  general  law  remains,  as 
wc  believe,  unassailable,  there  are  some  important  considera- 
tions which  mu5t  not  be  lost  sight  of.  In  the  first  placej  it  is 
very  doubtful  if  wc  are  as  yet  acquainted  with  the  ahsohite  lime 
orthe6rst  appearance  upon  the  globe  of  even  one  of  the  sub- 
kingdoms.  Future  discoveries,  therefore,  are  almost  certain  to 
push  back  still  further  into  the  remote  vistas  of  the  past  the 
point  of  lime  at  which  each  morphological  t)*pe  first  made  its 
a[ij>carance  upon  the  globe.  Still,  there  is  little  likelihood  that 
the  rdWnv  times  of  appearance  of  the  great  groups,  as  com- 
pared with  one  another,  will  be  affected  by  the  researches  of 
thefuture.  It  remains  almost  certain  that  we  shall  find  that 
the  lower  types  were  followed  in  point  of  time  by  the  higher. 

In  the  second  place,  we  find  all  the  primary  types  in  exist- 
ence before  the  close  of  the  Silurian  period  \  and  he  would  be 
rash  indeed  who  would  dogmatically  deny  that  they  mij;ht  all 
have  been  present  in  the  earlier  Cambrian  period.  This,  at 
fint  sight,  might  seem  almost  to  negative  the  above  generalisa- 
tion, but  it  does  not  affect  its  value  if  fairly  examined.  The 
lover  sub-kingdoms  of  the  Invertebrate  animals  appeared  so 
early  that  their  origin  is  lost  in  the  mists  of  antiquity,  and  we 
can  say  nothing  positively  as  to  the  time  when  each  came  into 
existence;  The  Cambrian  deposits  are  underlaid  by  the  vast 
series  of  the  I^urentian  deposits,  representing  an  incalculable 
lapse  of  time.  These  ancient  sediments,  with  one  exception, 
havf  hitherto  proved  barren  of  life,  owing  to  the  intense  meta- 
m  to  which  they  have  been  subjected,  and  they  conse- 
y  yield  no  evidence  bearing  on  the  question  in  hand. 
They  serve  to  show  us,  however,  by  their  presence  alone,  that 
temust  in  the  meanwhile  leave  the  Invertebrate  sub-kingdoms 

of  account  altogether  as  bearing  upon  the  question  of  the 
ion  and  progression  of  organic  types.  We  do  not  know 
then  these  sub-kingdoms  commenced,  and  hence  we  have  no 
right  to  assert  either  that  they  were  all  introduced  simultane- 
Odrfy,  or  that  they  came  into  being  successively.  We  may  be 
n:rp,  however,  of  one  thing — they  did  not  commence  at  the 
fointi  where  now  we  find  their  earliest  traces.  There  remains, 
theiij  only  the  sub-kingdom  of  the  Vertebrate  animals  which  can 


reasonably  be  appealed  to  as  evidence  on  this  question. 
stratified  series  is  long  enough  lo  render  it  certain  that  it  con- 
tains traces  of  the  first  appearance  ot,  at  any  rate,  the  higher 
classes  of  these,  though  we  doubtless  are  ignorant  of  the  absa 
lute  moment  at  which  each  appeared.  If,  therefore,  it  can  be 
shown  that  there  has  been  a  progression  as  far  as  this  sub- 
kingdom  is  concerned,  then  there  would,  by  analogy,  be  the 
greatest  probability  that  a  similar  progression  has  taken  place 
in  all  the  sub-kingdoms. 

So  far  as  our  present  knowledge  goes,  it  would  appear  that 
there  is  such  a  progression  in  the  Vertebrate  sub-kingdom. 
The  classes  of  Vertebrates  make  their  ap]iearance,  on  the 
whole,  in  the  order  indicated  by  llieir  zoological  position,  the 
lowest  first  and  the  highest  last  Not  only  does  this  hold 
good  for  the  classes  of  the  Vertebrates,  but  the  same  gerurai 
statement  may  be  made  as  to  the  orders  of  each  class.  Where 
apparent  exceptions  occur,  a  reiisonable  explanation  can  be 
given,  or  our  knowledge  can  be  shown  to  be  defective.  Space 
will  not  allow  a  discussion  of  this  question,  but  a  single  ex- 
ami>le  may  be  taken.  So  far  as  we  know  at  present,  the  earliest 
remains  of  vertebrate  animals  are  those  of  Fishes — the  lowest 
class  of  the  sub-kingdom — and  these  appear  in  the  Upper 
Silurian  Rocks  for  the  firit  time.  Granting  the  probability  that 
Fishes  may  some  day  be  found  in  the  Lower  Silurian  Kocks, 
or  even  in  Cambrian  deposits,  there  still  seems  no  likelihood 
that  they  will  be  deprived  by  any  future  discoveries  of  their 
position  as  being  the  earliest  of  tlieir  sub-kingdom.  The  oldest 
remains  of  Fishes,  however,  are  by  no  means  those  which  would 
be  expected,  but  belong  to  two  of  the  higher  orders  of  the  class. 
This  seeming  anomaly,  however,  disappears  when  we  consider 
that  the  two  lowest  orders  of  Fishes  possess  no  structures  by 
which  we  can  reasonably  expect  to  find  them  recorded  in  a 
fossil  state.  They  may  tlierefnre  have  been  in  existence  long 
before  the  Ganoids  and  Placoids  of  the  Upper  Silurian  Rocks, 
and  we  have  no  right  to  assume  that  they  were  not.  As  lo  the 
remaining  great  order  of  Fishes  (the  Telcostean  Fishes),  it  is 
certain  that  their  appeamnce  was  much  later,  and  they  are  gen- 
erally regarded  as  mferior  to  the  Ganoids  and  Placoids  in  zoo- 
logical position.  This,  however,  is  a  matter  of  opinion,  and 
reasons  are  not  wanting  for  regarding  them  as  the  highest  of 
their  class. 

It  only  remains  to  add  that  nothing  further  is  contended  for 
here  than  the  general  fact  of  there  having  been  a  progression 
of  morphological  ty^ies,  the  lowest  presenting  themselves  fint, 
the  highest  being  the  last  to  appear  upon  the  scene.    It  is  by  no 
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means  contended  that  the  Ganoid  fishes  of  the  Upper  Silurian 
Rocks  were  in  any  way  degraded  members  of  their  order,  or 
inferior  in  point  of  organisation  to  the  Ganoids  of  the  present 
day.  On  the  contrary,  there  is  reason  to  think  that  many 
types  early  presented  a  development  more  varied  than  that 
exhibited  by  their  successors.  It  is  simply  contended  that,  on 
the  whoUy  there  has  been  a  zoological  progression  as  we  ascend 
from  the  Cambrian  period  to  the  present  day.  It  is  also  to 
be  remembered,  that  though  the  commencement  of  the  Inver- 
tebrate sub-kingdoms  may  be  unknown  to  us,  a  similar  pro- 
gression can  be  in  many  cases  shown  as  regards  the  orders  and 
classes  of  these,  even  more  completely  than  in  the  case  of  the 
Vertebrate  sub-kingdom. 
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CHAPTER    VII. 
SUB-KINGDOM  L^PROTOZOA. 


►UB  -  KINGDOM  I.  pROTOZOA.  —  Animal  simpU  or  composiit^ 
Xeneraiiy  of  very  minttU  siu^  composed  of  a  sintdureless^  jelly-like^ 

ibuminoid  substance  {tcrmtd  *^^  sarcode")^  shoxuingno  composition 
*ut  of  definite  parts  or  segtnents^  having  no  definite  body-cavity^ 
>rcsenting  no  traces  of  a  nervous  system^  and  having  eitlur  no  ali- 

\atiary  apparatus^  or  but  a  very  rudimattary  one. 

Table  of  the  DtvistoNs  of  the  Protozoa. 

Class  A.  GREGARINlD.t. — Parasitic  Protozoa,  which  arc  destitute  of  a 
LOuth,  and  do  not  possess  the  power  of  emitting  processes  of  their  body- 
ibhtancc  (pscudopodia). 

iss  B.  RiiizoroDA.— Protozoa,  which  are  destitute  of  a  mouth,  and 
the  power  of  emitting  extensile  and  contractile  processes  of  the  boJy* 
ICC  (pscudopodia). 

Ordtr  I.  MoH<ra, — Ex,  Protogcnes, 
Orderl.  Am<tbca. — Ex.  Ama-ba. 
Order '^.  Forannnifira.—Ex.  Nummulitcs. 
Order  ^  RndioUiria. — Ex.  Haliomma. 
Order  5.  Spongida. — Ex.  Spongilla. 

Class  C.  Infusoria  (Infusorian  Animalcules).— Protozoa  mostly  with 
mouth,  and  rudimciiiary  diyesiive  caiia! ;  deslitute  of  the  power  of  cmit- 

Kng  pscudopodia;  fumi»<hnl  with  vibratitc  cilia  or  contractile  hlaments; 

the  body  usually  vitb  a  distinct  cuticle  covering  a  layer  of  limi  sarcodc. 

Regarded  palaeontologically,  we  may  eliminate  from  the  Pro- 
tozoa the  entire  class  of  the  Gregarinida^  with  the  Rhizopodous 
crders  of  the  Monera  antl  Ama'bca,  no  trace  of  the  jiast  exis- 
;tence  of  which  has  yet  been  obtained,  or,  from  their  soft-bodied 
nature,  is  ever  likely  to  be.  For  all  practical  purposes  the 
same  may  be  said  of  the  large  and  universally-distributed  class 
of  the  Infusorian  Animalcules.  Some  of  these,  however,  possess 
homy  or  membranous  cases  which  might  possibly  be  preserved 
in  a  fossil  state ;  and  it  has  been  alleged  that  the  genus  Peri- 
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dinium  has  been  thus  detected  in  the  Cretaceous  formatioiL 
With  this  doubtful  exception,  however,  no  Infusorian  animal- 
cLile  has  ever  been  detected  in  the  fossil  state,  though  the  class 
has  doubtless  existed  from  the  most  remote  antiquity.  Thctt 
remain,  then,  only  the  three  Rhizopodous  orders  of  the  Fera- 
mhtifcra,  Radiolaria^  and  Spofigida,  all  of  which  secrete  hard 
structures,  and  all  of  which  are  more  or  less  extensively  repre- 
sented as  fossils,  so  that  they  demand  our  attention  separatdj 
and  in  detail. 

I. — FORAMINIFERA. 

The  Foraminifcra  may  be  defined  as  Rhizopoda  in  wl 
body  is  proiecied  by  a  sfieii  or  "  Arj/,"  which  is  usuaUy 
of  carbonate  of  lime^  hut  which  may  consist  of  par  tides  of 
canattcd  together  by  some  animal  cemmty  or  may  be  simply  ht 
(ehitinaus).     The  animal  may  be  simple^  or  may  repeat  itself  it 
finitely  by  bttdding^   and  the  body-substance  gi7>es  out  long  (uid 
thread-like  processes  {pseudopodia)^  which  interlace  loith  one  M- 
other  to  form  a  network,  and  often  coalesce  at  t/ieir  bases  to  form  tf 
continuous  layer  of  sarcode  outside  the  shell.     The  psettdopoMa 
reach  the  exterior  either  by  perforations  in  the  walls  of  the  shell^i 
simply  by  the  mouth  of  the  latter  (fig.  6,  c  b). 


riR.  6  —Morphology  of  Foraminircra.  a  Lagenn  vulgaris,  a  tDoni>iiuUni»a« 
minifcr ;  k  MUicia  (after  Si:huUzc),  showing  ihe  pseudopixlia  protrutJed  from  th 
apenure  of  the  ihetl ;  e  Discori>iHa  (after  Schuitzc),  flhowins  the  aautiloid  thcL 
the  fonuntna  in  the  Rhell-wall  givias  exit  lo  p«eadopi>Jta  ;  1/  Section  of  fftdt 
(after  CarpaiLer)  ;  t  yodtuaritt  kis/uta  ;  /  Gwigfhna  hulloidti. 
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From  a  pala?ontological  point  of  view  the  only  part  of  a 
Foraminifer  with  which  we  have  to  deal  is  the  shell  or  *'test," 
and  there  are  several  points  to  notice  in  this  connection. 
Firstly,  as  regards  the  actual  composition  of  the  shell,  it  is  in 
the  majority  of  cases  calcareous,  or  composed  of  carbonate  of 
lime,  but  it  is  rarely  membranous,  and  it  is  not  uncommonly 
arenaceous  " — that  is,  composed  of  particles  of  sand  cemented 
together  hy  some  animal  substance.  Secondly,  the  shells  of  the 
Faraminifera  ma)'  be  divided  into  two  natural  groups,  accord- 
ing as  their  walls  are,  or  are  not,  perforated  by  apertures  or 
"foramina"  through  which  the  pseudopodia  are  protruded.  In 
those  calcareous  shells  in  which  the  walls  are  not  perforated 
the  substance  of  the  test  is  "  porcellanous,"  homogeneous,  and 
opaque-white  when  viewed  by  reflected  light.  In  those  calcar- 
eous shells  in  which  the  walls  are  perforated  by  pseudopodia) 
foramina, the  substanceof  the  testis  "vitreous,"  transparent,  and 
glassy.  The  arenaceo\is  shells  may  or  may  not  be  perforated, 
their  texture  in  either  case  remaining  the  same.  Thirdly,  there 
'are  some  convenient,  though  arbitrary,  distinctions  to  be  d^a\^-n 
'£x)m  the  form  of  the  shell.  The  simplest  form  amongst  the 
Juframhti/eraj  and  that  in  which  all  alike  primitively  commence 
their  existence,  is  that  of  a  single  spheroid  of  sarcode  capable 
Qf  secreting  for  itself  a  hard  covering,  as  in  Lagma  (fig.  6,  a) 
fcnd  Orbuiina  (fig.  7).  This  simple  state  of  things  is  rarely 
hetained  throughout  fife,  but  the  primitive 
tt)ass  of  sarcode  usually  repeats  itself  by  bud- 
ling,  till  a  comjjound  mass  is  produced,  con- 
^sting  of  a  number  of  little  spheres  of  sarcode, 
harrounded  by  a  common  calcareous  or  are- 
naceous envelope  or  test  Each  bud  of  the 
tompound  Foramiftifir  is  surrounded  by  its 
*M-n  shell,  so  that  the  whole  comes  to  be  com- 
^sed  of  a  number  of  chambers,  each  contain- 
ing a  mass  of  sarcode.  The  partitions,  how- 
ever, or  "septa,"  between  the  different  cham- 
bers, are  perforated  by  one  or  more  apertures  (fig.  6,  //),  through 
'hich  pass  connecting  bands  of  sarcode ;  so  that  the  sarcode 
ccupying  the  different  chambers  is  united  into  a  continuous 
Ind  organic  whole.  Kach  member  of  the  colony  may  give  out 
[Is  own  pseudopodia  through  perforations  in  its  investing  wall 
*g'  6,  c)y  or  the  pseudopodia  may  be  simply  emitted  from  the 
th  of  the  shell  by  the  last  segment  only  (fig.  6,  //).  In  any 
the  direction  in  which  the  buds  are  thrown  out  by  the 
ordial  spherule  of  sarcode  is  governed  by  a  determinate 
,  and  diflfers  in  different  species,  the  form  ultimately  assumed 


Fig.  7. — OrbuiiHtt 
Hfii'tYrui.  A  simple 
Foraminirer  from  the 
IMiocene  straU  (Sub- 
Afctiniiic  beds)  of 
Italy.     I/Orbtgny. 
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by  the  shell  depending  wholly  upon  this.  The  forms,  howe%'er. 
assumed  by  the  shtils  oi Foramitiifcra  are  extremely  variable, 
even  within  the  limits  of  a  single  species,  and  it  would  be  im- 
possible to  notice  even  the  chief  types  in  this  place.  There 
are,  however,  two  or  three  important  variations  which  inij 
be  noticed.  If  the  buds  are  thrown  out  from  the  primitive 
spherule  in  a  linear  series  so  as  to  form  a  shell  comjwsed  of 
numerous  chambers  arranged  in  a  straight  line,  we  get  suth 
a  type  as  Nodosaria  (fig.  6,  **).  When  the  new  chambers  are 
added  in  a  spiral  direction,  each  being  a  little  larger  than  tbc 
one  which  preceded  it,  and  the  coils  of  the  spiral  lying  in  the 
same  plane,  we  get  such  a  form  as  Discorbina  (fig.  6,  ^),  or 
Robuiina  (fig.  8).     These  are  the  so-called  "  nautiloid  "  Fcrtt- 

minifera^  from  the  resem- 
blance of  the  shell  in  figure 
to  that  of  the  Pearly  Nauti- 
lus. From  this  resemblance 
the  nautiloid  Foraminifir^ 
were  originally  placed  in  the 
same  class  as  the  Ammoraki 
( Cephalopoda)^  but  their  tnie 
position  was  shown  by  the 
examination  of  their  soft 
pans.  In  the  typical  nauti- 
loid shell  the  convolutions 
of  the  spiral  all  lie  in  one  plane;  but  in  other  €:ases»  as  in 
Rotitlia  (fig.  9)  the  shell  becomes  turreted  or  top-shaped,  in 
consequence  of  the  coils  of  the  spiral  passing  obliquely  round 
a  central  axis.     In  other  forms,  such  as  NummuliUs  (fig.  13), 


Y\%.  ^.—HftbuliHa  tchinattt,  a  "naublofd' 
Foramiiiifcr.    D'OrbiE^y. 


Fig.  ^—Itotmiia  BffuenMO.    D'Orbijjiiy. 

OrliioUks^  and  Orbitoides,  the  shell,  thougli  consisting  esscn* 
tially  of  a  succession  of  chambers  arranged  in  a  spiral  se 
of  a  much  more  complex  nature.     I^astly,  in  addition  to  tl 
symmetrical  forms^  there  are  others,  such  as  G/obig^rina  (fij; 
"  ^  in  which  the  arrangement  of  the  segments  is  very  im 
Remains  of /ivawi/>rj/i7-iz  have  been  found  in  all  the 
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formations  into  which  the  stratified  series  is  divided,  from  the 
Laurcntian  period  to  the  present  day.  In  one  of  the  limestones 
of  the  vast  l^aurentian  series  of  Canada  occurs  a  singular  body 
which  has  been  described  as  a  gigantic  Forarn'mifcr^  under  the 
name  of  Eozoon  Canadense  (fig.  lo).  Some  observers  doubt 
the  true  organic  nature  of  Rozoon,  but  the  weight  of  authority 
is  decidedly  in  favour  of  the  behef  that  the  above  is  its  real 
character.  Tf  this  be  the  case,  Eozoiin  is  not  only  the  oldest  of 
the  Foramini/tra,  but  is  the  earliest  fossil  of  any  kind  as  yet 
discovered.     Eozoon  consists  of  a  chambered  calcareous  skele- 
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n^  i&— Dtacmin  of  ■  portion  of  EmHh  (after  Carpenter).— ^A,  B,  C,  Three  tiers  of 

lamDen  communicubng  with  on«  another  W  cotifttrktcJ  aperturex  ;  a  a  The  true  shell- 
irall,  pcrfotatct]  by  niimcnni^  [mciuIiiphkIniI  iontmina ;  fi  h  Intcrnicili^itc  ^^kcteton  ;  c  Paft< 


aif  e  of  comrouDication  (alolon-pauagc)  from  tier  to  tier ;  d  Ramifying  tubes  in  the 
mediate  skeletatu 


ton  infiltrated  by  certain  silicates  in  solution.  These  silicates 
are  chiefly  white  pyroxene,  serpentine,  and  Loganite,  and  they 
are  now  found  occupying  all  the  spaces  in  the  fossil  which  were 
formerly  filled  with  the  sarcode  of  the  animal.  When,  there- 
fore, a  specimen  of  Eozoiin  is  treated  with  acid,  the  calcareous 
matter  is  dissolved  out,  and  what  we  have  left  consists  of  a 
cast  in  the  above  silicates  of  the  chambers  formerly  occupied 
by  the  sarcode  of  the  animal,  together  with  the  vnrious  passages 
by  which  these  chambers  are  connected,  and  the  tubes  by 
which  the  pseudopodia  were  conducted  to  the  exterior.  Tliat 
such  a  replacement  of  an  animal  body  by  silicated  minerals 
is  not  an  impossibility  is  shown  by  the  occurrence  of  casts  of 
living  Foraminifera  (such  as  Amphistegina)  in  which  the  sarcode 
is  replaced  by  a  green  silicate  (probably  gbuconite),  which 
forms  an  accurate  cast  of  the  interior  of  the  shell.  Eozoon 
consists  essentially  of  a  series  of  chambers  placed  in  tiers 
(fig.  lo,  A,  B,  C)  which  are  arranged  one  above  the  other. 


Sometimes  its  growth  was  very  regular,  but  sometimes  extremely 
irregular.  The  chambers  are  more  or  less  perfectly  marked  off 
from  one  another  by  inflections  of  the  test  or  "  septa,"  per- 
forated for  the  ijassage  of  bands  of  sarcode,  by  which  ihc 
chambers  are  brought  into  organic  connection.  The  sarcode 
occupying  the  tiers  of  chambers  is  bounded  by  a  thin  **  proper 
wall"  (fig.  lo,  a  a),  perforated  by  numerous  minute  tubes  by 
which  the  p:>eudopodia  reached  the  exterior.  It  is  obvious 
however,  that  only  the  chambers  of  the  uppermost  tiers  could 
thus  have  the  i>ower  of  giving  out  pseudopodia.  The  various 
tiers  of  chambers  are  connected  with  one  another  by  a  canal- 
system,  and  are  separated  from  one  another  by  the  develop- 
ment of  sup[)lementary  layers  of  calcareous  matter,  constituting 
what  is  called  the  "  intermediate  skeleton,''  £oso(m  appears 
to  have  grown  in  reef-like  masses,  often  of  very  great  extent, 
and  it  finds  its  nearest  living  allies  in  the  recent  Poiyirana  and 
Carpaiicria.  Its  shell  structure  also  shows  points  of  affinity 
with  the  extinct  Nummuiites  and  the  recent  Cahan/ta.  Eozoon 
has  been  detected,  not  only  in  the  Laurentian  series  of  CanadiL 
but  in  other  rocks  supposed  to  be  of  the  same  age  in  Bavaria 
and  in  other  parts  of  Kurope.  It  also  occurs  in  the  Lower 
Silurian  marbles  of  Connemara  in  Ireland ;  and  it  is  said  to 
have  been  detected  in  rocks  of  Liassic  age. 

Having  given  a  somewhat  detailed  account  of  the  singular 
Eozoon — justified  by  its  importance — it  will  not  be  necessirj 
to  speak  at  any  length  of  the  more  modern  representatives  of 
the  order.  In  the  Silurian  Rocks  remains  of  Foraminifen 
have  been  detected  in  various  localities,  some  of  the  fonns 
apparently  being  identical  with  existing  types.  Thus.  Ehrcn- 
berg  showed  that  the  Lower  Silurian  sandstones  of  tbe 
neighbourhood  of  St  Petersburg  contained  casts  of  Forami- 
niferous  shells  in  glauconite,  some  of  which  were  referable 
to  the  living  genera  Rotalia  and  Tcxiuiaria,  Over  wide 
areas  in  the  Southern  Alps,  Russia,  Spain,  Armenia,  and  the 
United  States,  beds  of  Carboniferous  limestone  are  charged 

with  the  shells  of  FusuiutA 
(fig.  ii).  \Vhole  beds  are 
made  up  of  the  remains  oi' 
this  minute  fossil,  and  the 
Kusulina  limestonehasbeer 
justly  paralleled  with  the 
Nummulitic  Limestone  of 
Eocene  times. 
In  the  Secondary  Rocks,  Foraminiftra  occur  in  great  abun 
dance,  but  they  are  not  specially  noticeable  except  for  the 


Fig.  II. — Fusutina  cylituirica. 
Carbontferouv  KiUML 


ffxttUaria  Mtyet  mhu. 
D'Orbigny. 
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they  play  in  the  formation  of  Chalk.  The  great  formation  of 
the  White  Chalk — forming  the  well-known  chalk-cliffs  of  the 
south  of  England,  and  attaining  sometimes  a  thickness  of  not 
less  than  looo  feet — is  to  a  very  large  extent  composed  of  the 
debris  of  the  microscopic  shells  oi  Foramimfcra,  As  already 
pointed  out,  therefore,  the  WTiite  Chalk  is  to  some  extent 
comparable  with  the  ooze  of  the  deep  Atlantic,  which  is  also 
largely  made  up  of  the  skeletons  of  these  minute  organisms. 
Amongst  the  Foram'mifcra  of  the  Chalk  are  the  genera  Globi- 
gerina  (fig.  6,  /),  Roialia  (fig.  9),  and  Texiularia  {fig.  12),  all 
of  which  are  represented  by  living  species,  no  difference  being 
distinguishable  in  the  case  of 
the  first  between  the  Creta- 
ceous and  the  modem  form. 
In  the  Cretaceous  formation 
(Upper  Greensand)  we  have 
also  the  gigantic  Arenaceous 
Foraminifer  which  consti- 
tutes the  genus  Parkcria^ 
the  shell  of  which  attains  a 
diameter  of  two  and  a  quarter 
inches. 

In  the  Kainozoic  period  the  Foramiuifcra  attained  their 
maximum  of  development,  both  as  regards  their  size  and  the 
number  of  generic  types.  The  Eocene  fonnation  especially  is 
remarkable  for  the  profusion  of  its  Foraminiferous  fauna.  The 
Middle  Eocene  in  particular  is  characterised  by  the  possession 
of  a  very  widely  spread  and  easily  recognised  formation,  known 
as  the  Nummulitic  Limestone,  from  the  occurrence  in  it  of  a 
large  coin-shaped  Foraminifer,  the  NummuUte  {fig.  13).  Num- 
muliies  attain  a  size  of  as  much  as  three  inches  in  circumference, 
And  their  structure  is  very  complex.    According  to  Sir  Charles 


^i.yell,   *'  the   Nummulitic   Limestone,   with   its   characteristic 
I   ibssiU,  plays  a  far  more   conspicuous  part   than   any  other 


T\%.  xy.-~NummuiiteM  Uecigattu.    Eocene. 
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Tertiary  group  in  the  solid  framework  of  the  earth*s  crust, 
whether  in  Europe,  Asia,  or  Africa.  It  often  attains  a  thick- 
ness of  many  thousand  feet,  and  extends  from  the  Alps  to  the 
Carpathians,  and  is  in  full  force  in  the  north  of  Africa,  as  in 
Algeria  or  Morocco.  It  has  also  been  traced  from  Egypt, 
where  it  was  largely  quarried  of  old  for  the  building  of  the 
Pyramids,  into  Asia  Minor,  and  across  Persia,  by  Bagdad,  lo 
the  mouths  of  the  Indus.  It  occurs  not  only  in  Cuich,  but  in 
the  mountain  ranges  which  separate  Scinde  from  Persia,  and 
which  fonn  the  passes  leading  to  Cabul ;  and  it  has  been  fol- 
lowed still  further  eastwards  into  India,  as  far  as  Eastern 
Bengal  and  the  frontiers  of  China."  .\nother  important 
member  of  the  Eocene  Rocks  is  the  Miliolite  Limestone  of 
the  Paris  basin,  so  called  because  of  the  abundance  in  it  of  the 
shells  of  a  species  of  J/Z/c'c/tf,  of  which  a  living  form  is  shown 
in  fig.  6,  d. 

11. — Radioi-aria. 

The  order  I^adiolaria  is  defined  as  comprising  those  members 
of  the  Rhizopoda  which  possess  a  sUutous  test  or  sUicrous  spunks, 
and  are  provided  with  pseudopodia  which  stand  out  from  the  My 
Hke  radiating  filameniSy  and  occasionally  run  into  one  another 

(fig.  14)- 


Fig.  14.— Rcceiil  Kodiolaria.    a  ActtHtMcmttra  :  h  Haiiommn,  one  of  I 
cyxHna,  showing  the  liltceous  lett  And  radiating  pseudopodia. 

All  the  Radiolaria  possess  hard  structures  in  the  form  of 
ceous  spicules  or  a  siliceous  test ;    but  only  one  group, 
that  of  the  Polycystitia^  has  as  yet  been  detected  in  a  I 
condition.      The  Polycystina  (fig.   14,  b)  are  all   microscoj 
organisms  very  closely  allied  to  the  Foraminifera,  from  whic 
they  differ  chiefiy  in  the  siliceous  nature  of  their  skeleto* 
The  lest  is  glassy,  composed  of  flint,  perfomted  by  numeroi 


foramina  for  the  emission  of  pseudopodia,  and  often  provided 
with  spine-like  projections.  The  Polycystina  are  best  known 
as  occurring  in  the  so-called  **  Infusorial  Earth  "  of  Barhadoes. 
This  is  a  Tertiary  deposit,  and  consists  largely  of  the  shells  of 
J^olycystina,  They  ha>'e  not  as  yet  been  detected  in  any 
Palseozoic  formation,  but  they  are  known  to  occur  in  the 
Mesozoic  series. 


III. — Spongida. 

The  Sponges  may  be  defined  as  Rhizopoda  composed  of 
numerous  amtxbiform  masses  of  sarcode  uttUed  into  a  composite 
mass,  which  is  trat'crsed  by  canals  opening  on  the  surfiue^  and  is 
almost  always  supported  by  an  internal  skeleton  or  framework  of 
homy  fibres  or  of  calcareous  or  siliceous  spicula. 

The  only  portion  of  the  Sponges  with  which  the  paleonto- 
logist is  concerned,  is  the  skeleton.  Whatever  the  nature  of 
this  skeleton  may  be^  it  is  so  arranged  that  its  parts  surround 
two  sets  of  apertures  wliich  open  on  the  surface  of  the  sponge, 
and  which  arc  connected  with  one  another  by  a  system  of 
canals  ramifying  in  its  deeper  portions.  Of  the  apertures 
which  penetrate  the  substance  of  the  sponge  in  every  direc- 
tion, one  set  consists  of  large  chimney-like  openings,  which  are 
called  "  oscula,"  or  "  exhalant  apertures."  There  may  be  only 
a  single  osculum,  or  many  may  be  present.  The  other  set 
consists  of  very  much  smaller  openings,  which  are  always  very 
numerous,  and  which  are  termed  the  **  pores,''  or  *'  inhalant 
apertures."  The  pores  and  oscula  are  connected  by  a  system 
of  canals  excavated  in  the  substance  of  the  sjjonge,  and  a  con- 
stant circulation  of  water  can  be  kept  up  through  the  whole 
mass,  the  former  serving  for  the  incoming  currents,  the  bttc-r 
for  the  outgoing. 

The  Sponges  are  divided  into  three  groups  according  to  the 
nature  of  the  skeleton  :  i.  Keratosa,  comprising  the  ordinary 
sponges  of  commerce,  in  which  the  skeleton  is  composed  of 
a  homy  substance  called  **keratode;"  2.  Calcarea,  or  Calci- 
spongia^  in  which  the  skeleton  is  composed  of  carbonate  of 
lime  :  and  3.  Silicea^  or  Vitrea,  in  which  the  skeleton  is  com- 
posed of  flint  or  silcx. 

The  Homy  Sponges,  from  the  nature  of  their  skeleton,  arc 
not  certainly  known  as  fossils  j  but  traces  of  their  past  exist- 
ence are  said  to  have  been  obtained  in  the  fomi  of  the  spicules 
with  which  the  homy  skeleton  is  sometimes  furnished.  The 
Calcareous  and  Siliceous  Sponges  are  both  well  represented  in 
a  fossil  condition,  though  the  true  nature  of  some  of  the  more 
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ancient  examples  is  perhaps  somewhat  dubious.  As  far  as 
we  know  at  present,  the  Calcispongice.  commence  in  the  Silurian 
Rocks,  attain  their  maximum  in  the  Secondar)'  Rocks,  and  are 
diminished  in  numbers  at  the  present  day ;  though  Haeckel's 
recent  discoveries  have  rendered  this  last  assertion  more  than 
problematical.  The  SUicispongim  seem  to  have  come  into 
existence  during  the  Secondary  period,  attaining  a  great  de- 
velopment during  the  Cretaceous  epoch,  and  being  well  repre- 
sented at  the  present  day. 

As  regards  Paleozoic  s[)onges,  one  of  the  earliest  known 
forms  is  the  Archaocyaihus  {lig.  15)  of  Mr  Billings,  species  of 
which  have  been  obtained  from  the  Potsdam  Sandstone  and 
Calciferous  Sand-rock  (Upper  Cambrian?)  of  Canada.     The 

general  form  in  this  genos 
is  that  of  a  hollow  cone  or 
hollow  cylinder,  enclosing  a 
large  cu]>shai)ed  cavity,  and 
tapering  towards  one  C3t- 
tremity,  which  was  presum- 
ably fixed  to  some  foreigo 
body.  Specimens  appear  to 
have  reached  a  very  large 
size,  a  length  of  two  or  three 
feet  and  a  diameter  of  three 
or  four  inches  being  some- 
times attained-  The  sponge 
consists  of  an  outer  wail, 
usually  perforated  with  nu- 
merous small  irregular  ^>er- 
tiires,  and  a  thin  inner  li'all 
pierced  with  many  open- 
ings (fig.  1 5,  a\  The  space 
between  the  outer  and  inner 
wall  is  subdivided  into  a 
number  of  vertical  radiating  partitions,  thus  very  closely  simu- 
lating the  structure  oi  one  of  the  septate  corals.  The  genia, 
ho\vc\'cr,  is  shown  tnily  to  belong  to  the  Spon^da  by  the 
occurrence  oi  numerous  branching,  cylindrical,  or  fusiform 
siliceous  sjiicula  within  the  substance  of  the  organism.  In  the 
same  geological  horizon,  and  also  in  higher  strata,  occurs  the 
somewhat  allied  genus  Cttlathium^  in  which  the  skeleton  also 
assumed  a  turbinate  form. 

Amongst  the  Lower  Silurian  genera  of  Sponges  may  be 
mentioned  Pahcospon^ia^  Acauthoipon^ia^  Eospongia,  Palm- 
mafwfi^  and  AstyiosJ>oftgia  (fig.   16).     In  the  last,  we  have  a 


fiil-  '5- — Restoration  of  the  lower  p*n  of 
■JurMjraiMus  Mimganensis ;  a  the  pore*  of 
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Fig.  16.  —  Section  of  A^yUtpoHf^n 
fr^morsa,  a  lower  Silurian  Sponge 
(after  Kocmer). 


globular  sfxange,  provided  with  a  cup-shaped  cavity,  on  which 
the  osciila  open,  whilst  the  pores  open  upon  the  external  sur- 
face of  the  sphere.  It  was  a  calcareous  sponge,  enjoying  a 
free  mode  of  existence,  and  it  jiresents  points  of  decided 
affinity  to  the  recent  genus 
Grantia.  In  the  Upper  Silurian 
Rocks  occur  many  sponges, 
one  of  the  mo^t  interesting 
genera  being  Amphhpotigia^ 
comprising  calcareous  sponges, 
oblong  or  sub-clavate  in  shape, 
containing  a  central  cavity,  and 
probably  opening  above  by  a 
single  osculum.  On  this  hori- 
zon occurs  also  the  genus  FiWO- 
sfottgia  ;  and  here,  as  well  as  in 
the  Lower  Silurians,  we  have 
the  singular  genus  Stromato- 
pora^  which  will  be  s|>oken  of 
immediately.  In  the  Devonian  Rocks,  the  genus  Sporsispongia 
may  be  noted  j  but  the  Carboniferous  series  has  hitherto 
proved  singularly  destitute  of  sponges.  In  the  Permian  Rocks 
it  is  worthy  of  notice  that  there  occurs  a  genus  described  by 
Geinitz  \mder  the  name  of  Spougiiiopshy  and  believed  by  him 
to  be  most  nearly  allied  to  the  recent  fresh-water  sponges 
(Spongi/ia).  This  is  a  remarkable  fact  as  bearing  upon  Pro- 
fessor Ramsa/s  view,  that  the  Permian  Rocks  were  deposited 
in  inland  waters  of  great  extent. 

Leaving  the  PaLneozoic  series,  the  sponges  of  the  Triassic 
and  Jurassic  fonnations  call  for  no  special  remark,  except  thai 
the  latter  series  abounds  with  examples  of  the  Cakisp&ngia^. 
It  is  in  the  Cretaceous  system,  however,  in  which  we  meet  with 
the  greatest  development  of  the  sponges.  The  flints  which 
form  such  a  characteristic  feature  in  the  ^Vhite  Chalk  are,  in 
some  measure  at  any  rate,  "connected  with  the  jjeriodic 
growth  of  large  crops  of  the  sponges  "  (Chven) ;  and  in  some 
sections  of  flint  are  found  minute  **  spherical  bodies,  covered 
w^th  radiating  and  multicuspid  spines,"  which  have  been 
termed  Spimfcrites  or  Xafiihidia^  and  are  probably  ihe  "  gem- 
mules  "  of  sponges.  (By  some,  however,  these  arc  regarded 
as  being  the  '*  sporangia "  of  the  DesmiiHiEy  an  order  of  the 
Protophyta.)  The  two  most  notable  genera  of  Cretaceous 
Sponges  are  Siphoma  and  Ventriculites,  The  Siphonia  (fig.  17) 
belong  to  a  grouji  of  sp6nges  termed  Peirospfrnj^iades^  from 
their  possession  of  a  stony  reticulate  skeleton  without  spicula. 
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They  consist  of  a  pear-shaped  mass,  supported  upon  a  longer 
or  sliorter  stem,  which  breaks  up  at  its  base  into  a  number  of 
root-like  processes  of  attachment.  At  the  summit  of  the  pyri- 
form  head  is  a  single  chimney-like  osculum.    In  many  respects 


Ftg,  17. — Sl'/Juuia 
j!cttJ,  a  Crelaceou* 
Sponge.     COrbigoy. 


Fig.  18. —  P'emtricMiiUx 
mtiintHt.  White  Chalk. 
(AAer  LyelL) 


the  Siphonitz  present  a  curious  resemblance  to  the  Hoiiani 
of  the  Atlantic  oo^e,  and,  like  these,  they  probably  were 
denizens  of  a  deep  sea.  Tlic  genus,  however,  is  not  knowTi 
to  occur  in  strata  younger  than  the  Chalk. 

Still  more  closely  allied  to  the  living  Ilo/tcnia  are  the  TVw- 
irUuiii^s  of  the  Chalk  (fig.  18).  These  "have  usually  the 
fonn  of  graceful  vases,  tubes,  or  funnels,  variously  ridged  or 
grooved,  or  othenvise  ornamented  on  the  surface,  frefjuendy 
expanded  above  into  a  cup-]ike  lip,  and  continued  below  into 
a  bundle  of  fibrous  roots.  The  minute  structure  of  these 
bodies  sho^vs  an  extremely  delicate  tracety  of  fine  tubes,  some- 
times empty,  sometimes  filled  with  loose  calcareous  matter 
dyed  with  peroxide  of  iron"  {Wyville  Thomson).  Like  the 
Siphoni(z^  the  genus  VetitriculiUs  is  not  known  to  occur  above 
the  Chalk. 

The  Tertiary  Sponges  call  for  no  special  comment ;  but  it 
may  be  noticed  that  the  great  apparent  predominance  of  the 
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omy  Sponges  in  our  present  seas,  may  be  explained  by  the 
:t  that  the  members  of  this  group  cannot  be  recognised  in  a 
isil  state  except  by  their  siliceous  spicula,  and  that  these  are 
ily  sometimes  present,  and  are  necessarily  ver>'  difticuh  of 
tection.  The  genus  Cliona  alone,  comprising  the  singular 
iring  sponges,  has  managed  to  survive  from  the  commence- 
:nt  of  the  Palaeozoic  period  to  the  present  day.  Sliells 
Ined  by  species  of  this  genus  occur  in  the  Silurian  Rocks, 
d  the  genus  is  well  represented  in  recent  seas. 
Fossils  of  doubtful  Affinities. — Before  leanng  the  Pro- 
•,oa^  there  are  two  fossils  of  doubtful  relationships  which  may 
briefly  noticed — viz.,  Sirotnaiopora  and  Rca'piaciditfs,  These 
ow  points  of  affinity  to  the  Fo/amitii/t-ra  on  the  one  hand, 
d  the  Sponges  on  the  other  hand,  whilst  the  former  ap- 
oaches  the  Corals  in  some  respects.  Both,  however,  may, 
th  the  greatest  probability,  be  regarded  as  peculiar  types  of 
longes. 

Sirontaiopora   (fig.    1 9)    forms   hemispherical,   globular,    or 
^ular  masses,  often  of  very  considerable  size,  and  sometimes 


Fig.  19  — A  «inall  and  pcrrcct  spo-imou  %^i  StromatfiPcra  ntgota  (HalO- 
From  the  Mcmalfs  of  the  Geological  Survey  of  Canada. 

imonstrably  attached  to  shells.  In  its  structure,  Siramato- 
ra  consists  of  numerous  thin,  concentric  laminse,  penetrated 
'  minute  tubes,  the  mouths  of  which  appear  on  the  surface 
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of  each  lamina  as  minute  pores.  Species  of  the  genus  occur 
in  both  Lowtr  and  Upper  Silurian  strata,  and  in  the  Devonian 
series,  apparently  not  completely  disappearing  till  towards  the 
close  of  the  Triasslc  period. 

ReaptacuUtes  (fig.   20),   in   its   most    perfect    condition,  is 
described  by  Mr  Billings  as  being  "  of  a  discoid,  cylindrical, 

ovate,  or  globular  sha[ie, 
hollow  within,  and  usually, 
if  not  always,  with  an 
apertiire  in  the  upper  side. 
In  or  near  the  centre  of 
the  lower  side  there  is 
generally  to  be  seen  a 
small  rounded  protuber- 
ance, indicating,  most  pro- 
bably, the  ]>osition  of  the 
primitive  cell  or  nucleus 
from  which  the  animal 
commenced  its  growth. 
.  .  .  The  body-wall  is  of 
of  Rectf^  ^  somewhat  complex  struc- 
ture.    It  consists  of  three 


IK*  ■o.— -Diagram  of  ihc  stnicture 
ianuitet,  aa  il  would  be  %hown  by  a  vertical  m:c 


ban  of  a  perfect  fipcctmcn.    a  Tbc  aperture  al  t)ie  _.  ^  i         j 

jummii;  ^  The  inner  inicgumcni ;  c  The  outer  parts — an  external  and  an 
miMumcnt ;  n  The  usual  position  of  the  i^ucieus ;  jjitemal  integunient,  and. 

V    \Tiz    great  mienial   caviiy.       Ihc    unMiadm  ,      ^  ^        . 

ban<j«  running  from  the  outer  in  ibf^  inner  inlcgu-  bCtWeen  taCSe,  a  peCUliaT 
meat  represent  (he  tubes.     (After  B.lUngsJ  tubuUr    Or   Splcular    skel^ 

ton."  The  inner  and  outer  integuments  are  composed  of 
numerous  rhomboidal  calcareous  plates,  closely  fitting  together, 
and  arranged  in  peculiar  curved  rows,  giving  fragments  of  the 
fossil  very  much  the  apf>earance  of  the  engine-turned  case  of  a 
watch.  The  inner  integument  differs  from  the  outer  in  being 
pierced  by  numerous  small  apertures,  which  open  into  the 
central  cavity,  an  aperture  being  placed  at  every  junction  of 
four  plates.  Lastly,  the  inner  and  outer  integuments  are  ccok- 
nected  together  by  a  number  of  small  straight  cylindrical  tubes 
or  hollow  spicula.  The  late  Mr  Salter  regarded  RecepicuuHtts 
as  belonging  to  the  Foramimfcra,  and  finding  its  nearest  li\-ing 
ally  in  Orbitoiiks,  Mr  Billings,  however,  points  out  that  it 
has  some  curious  points  of  resemblance  to  the  little  seed-like 
"gemmule"  of  the  Fresh-water  Sponge  j  and  he  regards  it  as 
being  on  the  whole  a  Sponge,  having  relationships  with  the 
Foramini/tm.  RtceptacuUtes  occurs  in  both  Lower  and  Upper 
Silurian  strata,  as  does  the  nearly-allied  or  identical  genus 
Ischadites, 
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CHAPTER    VIII. 

SUB-KINGDOM  IL—C(ELENTERATA. 

Fossil  Hydrozoa. 

Sub-kingdom  II.  Ccelenterata. — Animals  whose  alimm- 
tary  canal  amitmmicatcs  freely  with  the  general  cavity  of  the  body 
{"  somatic  cm'ity  "),  so  that  the  body-cavity  communicates  with  the 
outer  unyrtd  through  the  mouth.  Body  composed  of  two  fuptda- 
mental  layers,  an  outer  layer  or  '*  ectoderm^*  and  an  inner  layer  or 
**  endodermy  The  parts  of  the  hody,  and  especially  the  organs 
round  the  mouth,  arranged  in  a  star-like  or  radiated  form. 


Table  of  the  Divisions  of  the  Cielenterata. 

Class  A.  Hydrozoa. — ^The  walls  of  the  digestive  sac  not  separated 
from  those  of  the  general  boJy-caviiy,  the  two  coincidjiif;  with  one  another. 
Reproductive  organs  in  the  form  of  external  proccises  of  the  body*WttU. 
Sub-class  1.  HvuKoiDA  (Hydroid  Zoophytes). 
(►nier  i,   Ilydriita.^^Ex,   Hydra. 
Order  2.   Cirryniita, — Ex.  Tubularia. 
Order  3.    Theiaphora. — Ex.   Sertul.iria,  Campanularia. 
Sub-cbss  II.  Sii'HONoi'noRA  (Oceanic  Hydrozoa). 
CWer  4.   Calycophorida.  — Ex.  Diphycs. 
Order  5.   PkvscpAoridtc, — Ex.    Ph>'salia. 
Sub-claj«  HI.  DiscOFHoRA  (Jelly-fishes). 

Order  6.   Aft-dtuiJie, — Ex.  yKgina. 

Sub-class  IV.  LuCERNARiDA  (Sea-hluhljcrs). 

Order  7.  Liuernarimitt . — Ex.   Lucemaria. 

Order  8.  Pelagido!. — Ex.   Pelagin, 

Order  9.  Khisostomida. — Ex.    Khizostoma. 

Snb-cU&s  V.  Graptolitid.^  (Graptolitcs.) 

Class  B.  Actinozoa. — Animal  with  a  differentiated  digestive  sac  open- 
ing below  into  tlie  body-cavity,  hut  scparateti  from  it  hy  an  inlcncning 
•'peri\'isceral  space,''  which  is  divided  into  comjjartments  by  a  scries  of 
radiating  vertical  partitions  or  '•mesenteries"  to  the  faces  of  which  the  re- 
productive organs  are  attached. 

Order  I.  Zoarttharia,  —  Ex.     Sca<anemones,    Star-corals,    Brain- 

coroK 
Order  3.  Alcyonaria, — Ex.  Sea*pens,  Fan-conUs,  Sea*slirubs,  Red- 
coral. 
Order  3.  Rugosa. — Ex,  Cyathophyllum. 
Order  4.   Ctenophora i'r.   Vcnus's  Girdle. 

The  Coelcfiterata  appear  to  have  commenced  their  existence 
in  the  Cambrian  period,  at  which  lime  both  the  great  classes 
of  the  sub-kingdom  were  difTerentiated  from  one  another.  So 
far  as  we  can  judge,  the  Coelenterate  animals  have  attained 
their  greatest  development  at  the  present  day;  but  two  large 
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groups  (the  GraptoHtida  and  Rugosa)  are  wholly  extinct,  whilst 
the  ^oup  of  the  Tabulate  Corals  is  now  much  reduced  in 
numbers.  The  above  conclusion  is  further  rendered  unceruin 
by  the  existence  in  the  sub-kingdom  of  some  groups  which, 
from  their  absence  of  hard  parts,  have  left  no  traces  of  their 
past  existence. 

Fossil  Hydrozoa. 


Of  the  living  orders  of  Ilydro&oa,  the  Fresh-water  Polypes 

(Hydrida)  and  the  Oceanic  Hydrozoa  (Caiycophorida  and 
Physophorida)  have  left  no  traces  of  their  fonner  presence,  as 
might  liave  been  anticipated  from  their  want  of  hard  structures. 
The  order  of  the  MedusUia  and  the  sub-class  Luccmarida 
(Jelly-fishes  and  Sea-biubbers)  are  equally  destitute  of  hard 

pans,  and  their  absence  from  ihc 
pal<eonlo!ogical  record  might  have 
been  confidently  predicted.  Curi- 
ously enough,  however,  traces  of 
both  groups  have  been  detected  in 
the  fine-grained  lithographic  slates 
of  Solenhofen  and  Eichsiadt.  t>f 
the  MedusidiZ^  the  two  living  families 
of  the  .'Etjuorida  and  Trachync- 
midic  have  t>cen  recognised  by 
their  ini[)ressions ;  and  an  ancient 
member  of  the  order  RhizostomU^ 
represents  the  Lucernarida  in  the 
same  formation.  With  these  ex- 
ceptions, however,  the  only  living 
orders  of  Hydrozoa  which  have 
fossil  representatives  are  the  C^ry- 
ftida  ami  Tfucaphora,  both  of  which 
possess  a  chitinous  or  homy  in- 
tegumentary skeleton.  In  neither 
case,  however,  can  the  evidence  be 
said  to  be  wholly  free  from  sic- 
picion. 

I.      CORVNIDA     or     TUBULARJDA 

(Pipe-Corallines.) — Animal  simpU^ 
consisting  of  a  single  poiypitt;  er 
compound^  consisting  of  sn^-ni p^y- 
piies  united  to  one  another  by  a  common  flesh  or  catfwsarc.  7%e 
canosarc  generaHy  secretes  a  hard  chitinous  outer  co^'cring  9f 
^^pofypary  ;  "  but  the  separate  polypitcs  are  nrcer  protected  by  a^ 


Fig.  ai.— CuryuidiL       Kmgmeiit 
of  Tubularia  indivitA.  natunu  ciie. 
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t  expansbns  of  fhe  po/yjHiry,     Type  of  the  order,  Tubularia 

rwogencra^  viz.,  Palftocoryne  sxiA  Corynoides^  have  been  re- 
red  10  the  Corytuda^  but  in  neither  case  is  the  reference  free 
doubL     Pidmocorym  (fig.  22)  is  a  minute  organism  which 


• — PaUtocfirrHf  mtditttMUi,  cnlargcti  hliccn  duunctcnk 
(After  Duncan  and  Jenuns.} 

discoveretl  by  Dr  Martin  Duncan  and  Mr  Jenkins  grow- 
utached  to  the  margins  of  I>ace-corals  {FcnesUUti^)  in  the 
ixmiferous  Rocks  of  Scotland.  Its  base  is  expajided,  with 
|tr-Iike  processes  of  attachment.  From  the  base  rises  a 
rt  robust  stem,  which  is  marked  with  llutings  and  super- 
ll  granulations.  The  stem  terminates  in  a  single  polypite, 
mouth  of  which  is  surrounded  by  a  single  whorl  of  slender 
Cesses  or  "  tentacles,"  in  the  centre  of  which  is  the  mouth, 
^entire  polypary,  as  above  described,  is  "  calcareous,  dense, 
ornamented."  In  one  living  form  only  (viz.,  Bitneria)  is 
poIy])ar)*  continued  along  the  tentacles  and  upper  part  of 
body  of  the  i>olypite,  and  in  this  case  the  ]>olypary  is  simply 
consistence  of  parchment.  This  peculiarity,  therefore, 
possession  of  a  calcareous  polypary,  renders  the  refer- 
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ence  oi  Faiaocoryne  to  the  order  Corynida  not  wholly  free  from 
doubt. 

The  genus  Coryn&ides  was  proposed  by  the  author  for  sotoe 
singular  fossils  from  the  Lower  Silumfl 
.  Kocks  of  Scotland.     Each  consists  of 

\~^^       a  cylindrical   corneous   lube   (fig.   23). 
1  J  tapering  towards  the  base,  where  it  is 

mi  furnished  with  two   small   spines,  and 

B  ex])anding    above   into    a   species  of 

■  toothed  cup.     Corynoides  consists  of  a 

■  single  polypite,  and  in  this  respect  maij: 

■  be  compared  with  some  living  Cery- 
■  nida.  It  would  seem,  however,  not  to 
V  have    been    attached    to    any   foreign 

body — as  all  living  Coiynids  are— 
and  its  true  affinities  are  thus  rendered 
uncertain. 

II.  TliECAPHORA    (or   Scrtuiurida   and   Campaftuiarida).— 
Animal  €ompound^  roofed  and  plant-like^  consisting  of  mmurcui 


Fig.  ^y—Ctnyncid^s  eali- 
cmitirit,  enlarged.  (Origi* 
nal) 


Fig.  34. — a  Srrtultiria  {Dt/Aana) /fnmafa,  tiatnrsl  t-ire  :  i!  Fra^menl  of  the 
lused,  carrying  a  mAle  cap»ulc  (tr).  and  fthowins  the  hydrolhcoc  (A/ :  l-  FrajniMM  i 
Cttm/aum/ana  Mt/^Utia  (after  HincitsX  showing  the  jiolypites  contained  in  tlteir  tlri| 
ihecac  (A),  and  also  the  point  at  wliich  the  cocaosarc  cominiuucates  with  th«  i 
the  poI>'pitc  (i*), 

polypites  united  by  common  flesh  or  canosarc,  77ie  coenosart  i 
mcfre  or  less  branched ^  and  secretes  a  strong  chitinotis  int'cstmente 
''polypary'^     The  polypites   are  also  protected  within  *'hydn 
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M^ttP,"  or  little  cup-like  expansions  derived  fr&m  the  pofypary. 
The  process  of  reproduction  is  airricd  on  hy  the  det'clopmettt  of 
the  reproductive  eletnaits  within  horny  urn-iike  sacs^  which  are  of 
larger  size  than  the  "  hydrotheca"  and  are  known  as  " ovarian 
capsules"  or  ^^gonotheea'*  (often  called  ^* gonophores^^),  Typeoj 
the  order^  the  Sea-fir  {Sertularia^  fig.  24). 

As  in  the  case  of  the  Corynida^  there  is  some  uncertainty  as 
to  the  existence  of  any  fossil  representatives  of  this  order.  No 
undoubted  Sertularian,  at  any  rate,  is  as  yet  known  to  the 
palaeontologist ;  but  there  are  several  genera  whitli  may  with 
more  or  less  probability  he  referred  to  this  ]jlace.  The  most 
important  of  these — as  being  those  in  which  the  reference  is 
probably  correct — are  certain  forms  usually  referred  to  the 


Fig  35  —JJettdrvfra^ut  ifalliaiiut.  a  Portion  of  the  frond,  natural  size ;  h  Por- 
tion of  a  branch,  enurxeil ',  (  the  foouulk  and  *ome  of  the  piiiid)jal  branches,  natural 
siie.     (AfMrHalL) 

Graptolitidie^  of  which  the  genera  Dendrograpsus  and  Dicfy- 
on^na  may  be  noticed  in  jiarticular.  The  forms  referred  to 
Diftdrogrnpstis  are  exclusively  confined  to  the  Uj)per  Cam- 
brian and  Lower  Silurian  formations.  They  consist  of  plant- 
like  spreading  and  branched  growths,  which  are  furnished  with 
a  strong  footstalk  (fig.  25).  In  all  probability  the  organism 
was  attached  by  the  base  of  the  footstalk  to  some  foreign 
body,  but  no  actual  demonstration  of  this  has  as  yet  been 
obtained.     The  branchlcts  carry  upon  one  side  a  series  of 
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little  chitinous  cups  or  "  cellules,"  each  of  which  must  have 
contained  a  polypite,  and  which  agree  witli  the  similar  struc- 
tures of  the  Graptolites  in  [)artially  overlapping  one  another , 
thus  differing  from  the  **  iiydrotheca:  "  of  the  Serlularians. 

In   Dutyofiema   (fig.    2  6)    wc   have   organisms   resembling 
Dmdro^rapius  in  many  respectSi  but  not  possessing  any  foot- 


Fl(.  tit.—DktjftmeMM  rrti/hrme,  HaU.    (After  HalL) 

Stalk.  The  frond  is  branched  and  jjlant-like,  and  is  fan-shai)C<i 
or  funnel-shaped  in  form.  It  is  not  certainly  known  whether 
the  organism  was  attached  by  its  base  or  not  ;  but  there  is  th« 
strongest  probability  in  favour  of  its  having  been  fixed.  The 
branches  radiate  from  the  base,  running  nearly  parallel  with 
one  another,  and  often  bifurcating.  They  are  united  to  one 
another  at  short  inter\*als  by  numerous,  irregular,  slender, 
transverse  processes  or  dissepiments,  and  they  bear  small 
horny  cups  or  *'  cellules"  like  those  of  the  Graptolites.  Dk- 
tyonenia  ranges  from  the  Upper  Cambrian  to  the  \tiddle 
Devonian.  The  genus  bears  a  close  siqierticial  resemblance 
to  the  FmesieliiJt  or  Lace-corals  (belonging  to  the  PolywW 
but  the  latter  have  a  calcareous  skeleton,  and  have  no  "cd- 
kiles.'^  Besides  the  above-mentioned  genera,  CaJfografsv 
and  Pfilograpsiis  may  with  great  probability  he  referred  to  th- 
Sertuhrida :  as  may,  perhaps,  be  the  obscure  fossils  Buiki 
grapsus  and  Thamnograpsus,  All  thebe  genera  are  Siluriaii  c 
Upper  Cambrian  in  age. 
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Oldhamia. — ^Thc  singular  fossils  described  under  the  genus 
OMhamia  may  be  noticed  here,  as  they  have  been  referred  to 
the  Hydrozoa;  though  their  tnie  nature  is  altogether  uncertain. 
Oldhamia  occurs  in  certain  green  and  purple  grits  of  Lower 
Cambrian  age,  at  Bray  Head,  in  Wicklow,  Ireland.  They 
occur  in  great  abundance,  matted  together^  and  spreading  over 
the  surfaces  of  the  strata.  Old- 
hamia antiqua^  the  commonest 
species,  consists  of  a  central 
thread-like  axis  from  which 
spring  bundles  or  umbels  of 
short  radiating  branches  (fig.  27)^ 
at  regular  intervals.  Each  branch 
*•  is  formed  of  a  series  of  articu- 
lations marking  the  positions  of 
minute  cells"  (tl.  Forbes).  Old- 
hamia has  been  variously  refer- 
red to  the  Sertularian  Zoophytes, 
to  the  Pofysaa^  and  to  the  vege- 
table kingdom.  The  most  pro- 
bable conjecture  would  refer  the 
genus  to  the  calcareous  sea- 
weetis  (Salter). 

III.  Sub-classGraptolitid^ 
(Graptolites). — The  GraptoUtes 
form  a  very  large  and  important 
family  of  fossils  which  usually  present  themselves  In  the  shape 
of  homy  linear  bodies,  toothed  or  serrated  upon  one  or  both 
sides,  and  often  combined  into  more  or  less  complex  systems. 
If  we  disregard  the  genus  Dictyoncma^  which  is  best  referred 
elsewhere,  the  Graptolites  have  an  extremely  definite  range  in 
point  of  time,  being  exclusively  confined  to  tlie  Upper  Cam- 
brian and  Silurian  deposits.  They  attain  their  maximum  of 
development  in  the  Upper  Cambrian  Rocks  (Quebec  group  of 
Canada  and  Skiddaw  Slates  of  Englantl),  are  abundantly  re- 
presented in  the  Lower  Silurian,  and  die  out  altogether  before 
the  close  of  the  Upper  Silurian  period. 

Excluding  the  genera  Dictyonema^  Dmdro§,rapsHS^  Ptilograp- 
sus,  and  CallograpsuSy  the  Graptoliiida  may  be  defined  by  the 
possession  of  a  compound  polypar)'.  consisting  of  a  tubular 
chitinous  investment  enclosing  the  cttnosarc,  giving  origin  to 
numerous  cup-like  '*  cellules  "  or  '*  hydrotheca;,"  each  of  which 
protected  a  polypite.  The  poiypary  was  free,  and  was  not  at- 
tached to  any  foreign  body ;  and  the  poiypites  were  not  sepa- 
rated from  the  coenosarc  by  any  partition.     Lastly,  the  poly- 


Fig.  27  — Oldhnmia  antiqua^  natural 
size  (after  SallerJ.     Cambrian. 
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pary  was  almost  always  strengthened  by  a  chitinous  rod  or  fibre, 
which  is  termed  the  "  solid  axis/'  and  which  is  somewhat  analo- 
gous to  the  chitinous  rod  described  by  Dr  Allman  in  the 
singular  Polyzoon,  RhabtUpUura, 

From  the  above  definition,  it  will  be  seen  that  the  Grapto- 
lites  agree  with  the  living  Sertulari- 
ans  in  possessing  a  corneous  poly- 
I>ary»  which  not  only  invests  thecctno- 
sarc,  but  is  expanded  into  little  cups 
or  "  hydrothecac, "  within  which 
each  polypile  is  protected.  The 
Graptolites,  however,  differ  from  the 
Sertulari;uis  in  tl»e  fact  that  the  poly- 
pary  was  unattached,  and  apparendy 
free-floating,  whilst  it  has  not,  except 
in  a  few  ca.ses,  anything  like  the  plant- 
like appearanceof  the  latter.  Further, 
the  hydrothecK  of  the  (>raptolites, 
except  in  the  genus  Rastrites^  always 
more  or  less  overlap  one  another; 
whereas  those  of  the  Sertularians  are 
not  in  contact.  Lastly,  no  Sertula- 
rian  exhibits  any  structure  which  can 
be  compared  with  the  "  solid 
of  the  Graptolites. 

Taking  such  a  simple  Graptolitc 
as  G.  priodoii  (fig.  28),  or  G.  sagitta- 
ritts  (fig.  29,  A),  as  the  type  of  the  sub- 
class, the  polypary  is  seen  to  consist 
of  three  elements,  which  are  known 
as  the  "solid  axis,"  the  **comraon 
canal,"  and  the  **  cellules."  The 
"solid  axis"  is  a  cylindrical  fibrous 
rod  which  gives  support  to  the  cor- 
neous and  flexible  polypary.  The 
term  "  solid"  is  probably  a  misnomer;  for  it  was  almost  certainly 
hollow,  and  filled  with  living  material.  It  appears  to  be  absent  in 
the  genus  RastriUs^  and  in  Retioiitcs  Gcinitzianus^  but  some  un- 
certainty rests  upon  this  point  As  a  very  general  rule,  it  is 
prolonged  as  a  longer  or  shorter  naked  rod  beyond  one  or  l)otb 
ends  of  the  polypary,  and  cither  extension  may  be  more  or  less 
dilated.  Its  basal  prolongation,  with  or  without  an  ac 
panying  extension  of  the  common  canal,  is  tenned  the  "radicl 
or  "  initial  point,"  as  marking  tlie  organic  base  of  the  frond. 
The  "  common  canal  "  is  the  tube  in  whicli  the  coenosarc 


h  ca^ 


Fig.  18. — MorpbolngyDrCm//^ 
iitts  ^riod^H.  A,  Gra^tfiliifs  /r»'- 
cd^m,  Brunn,  pmerved  iti  relief: 
lateral  view  iliahily  cnlarKctl.  B, 
Donal  view  ol  a  fragment  of  tlic 
lamc  species :  conjiiilcrabl)'  en- 
lan^d.  C,  Front  view  of  a  frag- 
ment of  the  Mine,  xhowine  the 
inouths  uf  the  iicUuIcx :  mucH  co- 
largeil.  I>,  'I'nmsi-ene  ftccUon  uf 
the  same.  All  from  the  baic  of  the 
Cunltton  Flafit.    (Original) 
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was  enclosed ;  but  it  commonly  appearSt  in  compressed  speci- 
mens, merely  as  a  vacant  space  between  the  ''  cellules "  ami 
the  solid  axis.  The  common  canal  gives  origin,  by  a  process 
of  budding,  to  the  '"  cellules  "  or  **  hydrotheca;,"  which  are  little 
homy  cups  for  the  reception  of  the  pol)']jitcs.     Each  cellule 


Fijf.  jg.— A,  Vouos  individual  of  Craptolittt  xagittaHut^  Hw.,  showinff  the  Rlender 
curved  MSe  of  the  fmnd,  and  thr  cxtcnsiDn  orthcaxU  bcynnd  lU  opposite  md:  B,  W».*e  of 
anotber  individiuJ  of  the  •lanic,  in  which  there  \\  an  extremely  long  "  radicle  ; "  C,  Frae- 
mcDt  of  _C.  MgiU-tn'Mj,  much  enlarged  to  show  the  cellules— from  a  specimen  in  relief; 
D,  Specimen  of  GmjUotiUt  Cttmji<i»i,  Can*.,  showing  the  dUloi  and  proxinud  cxteiuionx 
of  the  axis. 

rests  by  its  base  upon  the  common  canal,  is  separated  from  its 
neighbours  by  "  cell-partitions/^  and  opens  at  its  apex  by  a 
distinct  aperture  or  '*  cell-month,"  through  which  the  polypite 
could  ejtscrt  its  tentaculate  head. 

The  reproductive  process  appears,  in  some  cases,  at  any  rate, 
to  have  been  carried  on  by  the  formation  at  certain  seasons  of 
homy  capsules,  of  much  greater  size  than  the  celhiles,  within 
which  the  generative  elements  were  matured.  In  some  cases 
these  "ovarian  vesicles"  have  been  found  actually  attached  to 
the  fronds  of  Graptolites.  In  other  cases,  as  described  by  the 
writer,  we  find  numerous  bell-shaped  homy  capsules  (fig.  30), 
each  with  a  little  spine  at  its  summit,  scattered  through  the 
rock  in  which  the  Graptolites  occur,  but  only  doubtfully 
attached  to  the  fronds  of  the  latter.  These  we  may  infer  to 
have  been  "  ovarian  vesicles  ; "  but  they  differ  from  the  bodies 
so  called  in  the  Sertularians  in  becoming  detached  from  the 
parent  colony. 

Two  leading  types  may  be  distinguished  amongst  the  Grap- 
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tolites,  which  are  termed  respectively  "monoprionidian 
"diprionidian."     The  monoprionidian  graptolitcs,  such  as  6' 
priodon  (fig.  28),  are  distinguished  by  the  fact  that  the  polypar), 


—  .~.i;  ;      '^1  "Ovariftn  Capsules"  or  reproductive  buds  of  GfapioiRMfc 

whether  simple  or  branched,  possesses  but  a  single  row  of  cel- 
lules or ''  hydrothecai."  In  the  diprionidian  fomis,  on  the  other 
hand,  as  in  Dipio^rapsus  (fig.  35),  the  polypary  possesses  a  row 
of  cellules  on  each  side.  It  is  noticeable  that  the  diprionidian 
graptolites,  with  rare  exceptions,  are  confined  to  the  Lmotr 
Silurian  and  Cambrian  Rocks ;  whilst  the  monoprionidian  forms 
range  from  the  Cambrian  to  the  summit  uf  the  Upper  Silurian 
series. 

At  least  sixteen  genera  of  GraptoHtes,  as  here  restricted,  are 
known  to  science ;  but  it  will  be 
sufficient  to  give  the  diagnostic 
characters  of  a  few  of  the  com- 
monest and  more  important 
types.  In  the  genus  GraptoHtes 
(figs.  28,  29),  the  polypary  is 
simple^  linear,  possessing  but  a 
single  row  of  cellules  on  one 
side,  and  commencing  by  an  at- 
tenuated,  usually  curved,  base. 


Fig.  ■^f.'—nitfym'^frttMMt    V'/mctrnt. 
Upper  Cambrian  (SkidilAw  States). 


Species  of  this  genus  are  found  from  near  the  base  of  the 


Fig.   33  -~Trtraera^tms  ^uadrthwin^i*' 
tm  (after  Flail)     \J\'yer  Canibrian  (5k»t 
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ivrer  Silurian  series  to  the  very  summit  of  the  Upper  Silurian 
posits. 

In  the  genus  Didymograpsus  (fig.  31),  the  polypar}'  con- 
is  of  two  simple  monoprionidian  branches,  which  spring 
im  a  common  pointy  which  is  almost  invariably  marked  by 
mrall  spine-like  **ra*licle/'  The  genus  attains  its  maximum 
the  Quebec  group  of  Canada  and  Skiddaw  slates  of  Eng- 
id  (Upper  Cambrian),  and  is  well  represented  in  the  earlier 
rtion  of  the  Lower  Silurian  period  {Llandeilo  Rocks);  but 
■  species  of  the  genus  is  known  as  late  as  the  Upper  Silurian 
nod. 

In  the  genus  Teiragrapsus  (fig.  52),  the  pol}7)ary  consists  of 
IT  simple  monoprionidian  branches,  springing  from  a  central 

non-celluliferous  connecting 
process,  which  bifurcates  at 
each  end.  The  celluliferous 
branches  do  not  subdivide, 
and  the  base  may  be  en- 
veloijeti  in  a  peculiar  cor- 
neous **disc,"  as  will  be  im- 
mediately described  in  the 
genus  Dicho^rapsus.  The 
species  of  Tctragrapsui  are 
exclusively  confined  to  the 
Skiddaw  and  Quebec  groups 
(Upper  Cambrian). 

In  the  genus  Dichograp- 
sns  there  are  more  than  four 
(usually  eight)  simple  mono- 
prionidian branches,  which 
arise  from  the  same  number 
of  divisions  of  a  non-cel- 
luliferous basal  process.  In 
many  cases  the  divisions  of 
the  basal  connecting  pro- 
cess (fig.  i"^)^  are  enveloped 


Fig.  ^—Dic/w£rm^9us  ttctohmckitii¥t,  showing  the  ceatnl  disc  (after  Ha\\). 
Skkldaw  and  Quebec  groups. 
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in  a  species  of  corneous  "disc"  or  plate,  which  is 

to  have  been  composed   of  two  laminae.     The   functions  oi 

this  disc  are  doubtful ;  but  it  has  been  compared  wth  the 

"float"  or  buoy  of  the  Physophorida^  an  order  of  the  Oceanic 

Hydrozoa. 

In  the  genus  Rastrites  (fig.  34),  the  polypary  consists  of  a 


Fig.  34.  Morpbolo^  of  Rauritc'i. — A,  Rartritet  frre^riuMi,  Bitrr.,  from  •'■■•  ^''  ' 
•tones  of  the  Cnniltan  Scries,  cnlargtd.     0,  Rastrites  ca/illarij.  Coir.,  fnn 
Ll&addlo  Shales  of  Dtim(n»shirc.  enlarged.    C,  Kragnicnt  of  Rattriirs  Li  - 
from  (he  ConUton  Mudstoncs.  enlarged.    B,  Fragment  of  R.  ptrr^tHM,  sn-iM  -r- 
largcd,  Khowuig  the  impressed  line  running  up  the  centra  of  each  cellule.    (Origimi) 

slender  axial  tube,  giving  off  on  one  side  a  series  of  linear  tubu- 
lar cellules  or  "hydrotheca;,"  which  are  free  throughout  their 
entire  length.  The  genus  differs  from  all  the  other  Ciraptolitcs, 
in  the  fact  that  the  cellules  do  not  overlap  one  another,  but  are 
free  through  their  whole  length,  whilst  it  is  verj^  doubtful  if  a 
true  **  solid  axis  "  is  ]>resent.  In  Britain  and  North  America 
the  species  of  Rastrites  are  exclusively  confined  to  the  Lower 
Silurian  Rocks,  but  in  Bohemia  they  pass  up  into  the  lowest 
beds  of  the  Upper  Silurian. 

In  the  genus  Diphgrapsus  (fig.  35),  the  polypary  consists  of 
two  simi>le  monojirionidtan  stipes,  firmly  united  to  one  another, 
back  to  back.  The  frond,  therefore,  is  *'diprionidian,*'  or  carrirs 
cellules  on  both  sides.  The  solid  axis  is  usually  prolonged 
beyond  the  base  of  the  polypary  as  a  longer  or  shorter  process 
or  "radicle,"  which  is  often  flanked  by  lateral  spines.  The 
solid  axis  is  also  almost  invariably  prolonged  beyond  the  op- 
posite or  "  distal "  end  of  the  polj-parj'  as  a  naked  rod.  In  the 
nearly-allied  genus  CUmacograpsjis,  the  structure  is  much  *s 
above  described,  but  the  cellules  have  such  a  structure  tl 
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their  mouths  appear  to  be  sunk  below  the  general  surface  of 
the  polypary,  forming  a  row  of  rounded  or  quadrangular  open- 
ings on  each  side.  Both  Dip- 
ia^apstis  and  CUmacograpsus 
range  in  Hritain  and  North 
America  from  the  Upper  Cam- 
brian to  the  summit  of  the 
Lower  Silurian  series ;  but  in 
Bohemia  they  rise  into  the 
lower  portion  of  the  Upper 
Silurian  deposits.  In  the  genus 
Dicranograpsus  the  polypary  is 
at  first  diprionidianj  l>ut  soon 
splits  into  two  monoprionidian 
branches  which  carry  tlie  cel- 
lules along  their  outer  margins. 
The  genus  is  exclusively  Lower 
Silurian.  Lastly,  the  beautiful 
genus  P//y//ogri7psus  may  be 
regarded  as  composed  of  two 
Dip>io^apsi  placed  at  right 
angles  to  one  another.  It  is 
exclusively  contincd  to  the 
Skiddaw  and  Quebec  Rocks.* 


•  The  Simlcnt,  <Ies)rous  of  fuller 
informaiion  on  ihis  subject,  may  con- 
kuU  the  nulhur's  'Monograph  of 
the  British  Graploliti(ix,'  Part  I., 
General  Introduction;  where  full  de- 
tails are  given  as  to  the  in(>rpholo};y 
and  aiEoilics  of  tliese  singular  fo6:>ils. 


.F»K-  .3S-— A,  Diphjrrafisui  f^ristis, 
H  is. ,  tliifnily  cnlaiK^,  showmi;  ihe 
oornial  coiiJUKm  <jf  the  biuw: ;  0,  Another 
exun^e  of  ihc  iamc,  slightly  cnlAjycd, 
showins  a  long  radicle,  and  fonfi  laicraJ 
>pine« ;  C,  Another  of  the  wmc,  ca- 
LiTged,  showing  laicml  sjittie*,  Micrccdcrf 
proxiTimlly  bv  a  stnnll  bulb,  but  showing 
ni>  true  radicle.    (UriipiLal.) 


CHAPTER   IX. 

FOSSIL  ACTINOZOA. 

Of  the  living  groups  of  the  Aciinozoa  (see  Table,  p.  73),  the 
Ctatophora  and  the  Sea-anemones  {Zoaniharia  malawdennaia), 
from  their  absence  of  hard  parts,  are  unknown  in  a  fossil  con- 
dition. The  remaining  groups — viz.,  ih<c Zoaniharia scUroifasica^ 
Z»Hinthariasdcroiicrmaiii^Aicyonana^^xi\S.Rugosa — secrete  a  hard 
skeleton,  which  is  known  by  the  general  name  of  the  *'  cor  * 
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or  "corallnm."  All  these  groups,  therefore,  are  known  u 
fossils  J  but  they  are  of  very  unequal  importance.  The  Z/xm- 
i/ujria  sdcrobasica  and  Akyonaria  are  known  by  very  few  fossil 
representatives,  and  require  to  be  little  more  than  mentioned 
The  Zoantharia  scUroilcrmata  and  Rusosa,  on  the  other  hand, 
have  left  very  numerous  and  interesting  traces  of  their  former 
existence  —  the  latter  being  almost  altogether  extinct, — and 
both  will  require  to  be  noticed  at  some  length.  Regarded 
as  a  whole,  the  class  of  the  Actinozoa  appears,  so  far  as  we  yet 
know,  to  have  commenced  its  existence  in  the  Upper  Cam- 
brian period,  and  to  have  attained  its  maximum  of  develop- 
ment at  the  present  day. 


Order  I.— Zoantharja. 

Tentada  simple^  rounded ;  soji  parts  in  muitiples  offivt  or  six. 

Sub-order  i.   ZimttZ/uiriit  mti/tn-odermn/^i. — £x.  Sea. anemone. 
,,        2.  ZthiKt/uiHa  scUrohasica.  —  Ex.  Aniipaihes. 
,,         3.  Zoantharia  sdcrodermata. — Ex.  Kccf-buiMing  Cunls- 

A.  Zoantharia  Malacodermata. — Though,  from  their  soft 
nature,  unknown  in  a  fossil  condition,  the  Sca-aneniones  merit 
a  brief  description  here,  as  they  may  he  taken  as  the  types  of 
the  order,  and  as  the  somewhat  complicated  structure  of  the 
sclerodermic  coral  will  thereby  be  rendered  much  more  intel- 
ligible. 


Fig-  36. — A,   Actiuift  nifitMbryantkemum,  flnc  of  the  Sca-*n«inooes (after  JohnOaid 
B,  Scctiun  of  the  »4nic,  showing  the  muulll  ^n),  the  Btomach  (*),  and  the  body-cavityfQ. 


The  body  of  a  Sea-anemone  (fig.  36)  is  a  truncated  cone,  or 
I     a  short  cylinder,  termed  the    "column,"  and   is   of  a  soft, 
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leathery  consistence.  The  two  extremities  of  the  column  are 
termed  resi>ectively  the  "  base  "  and  the  "  disc," — the  former 
constituting  the  sucker,  whereby  the  animal  attaches  itself  at 
will,  whilst  the  mouth  is  situated  in  the  centre  of  the  latter. 
In  a  few  cases  (Ccrianthus  and  Peachia)  the  centre  of  the  base 
is  perforated,  but  the  object  of  this  arrangement  is  unknown. 
Between  the  mouth  and  the  circumference  of  the  disc  is  a  fiat 
space,  without  appendages  of  any  kind,  termed  the  "  peris- 
tomial  space."  Round  the  circumference  of  the  disc  are 
placed  numerous  tentacles,  usually  retractile,  arranged  in  alter- 
nating rows,  and  amounting  to  as  many  as  200  in  number  in 
the  common  Actinia.  'I'lie  tentacles  are  tubular  prolongations 
of  the  ectoderm  and  enrloderm,  containing  diverticula  from 
the  somatic  chambers,  and  sometimes  having  apertures  at 
their  free  extremities.  The  mouth  leads  directly  into  the 
stomach,  which  is  a  wide  membranous  lube,  opening  by  a 
large  aperture  into  the  general  boJy-cavity  below,  and  extend- 
ing about  half-w.iy  between  the  mouth  and  the  base.  The 
wide  space  between  the  stomach  and  column-wall  is  sub- 
divided into  a  number  of  compartments  by  radiating  vertical 
lamelke,  termed  the  *'  primary  mesenteries/'  arising  on  the  one 
hand  from  the  inner  surface  of  the  body-wall,  and  attached  on 
the  other  to  the  external  surface  of  the  stomach.  As  the 
stomach  is  considerably  shorter  than  the  column,  it  follows 
that  the  inner  edges  of  the  primary  mesenteries  below  the 
stomach  are  free ;  and  these  free  edges,  curving  at  first  out- 
wards and  then  downward  and  inwards,  are  ultimately  attached 
to  the  centre  of  the  Uise.  Besides  the  jirimary  mesenteries, 
there  are  other  lamella;  which  also  arise  from  the  body-wall, 
but  which  do  not  reach  so  far  as  the  outer  surface  of  the 
stomach,  and  are  called  "secondary"  and  "tcrtiarj*"  mesen- 
teries, according  to  their  breadth.  The  reproductive  organs 
are  in  the  form  of  reddish  bands,  which  contain  ova  and  sper- 
matozoa, and  are  situated  on  the  faces  of  the  mesenteries. 

B.  ZoANTHARiA  ScLKRoHAsicA.  —  The  members  of  this 
group  are  all  composite  organisms,  consisting  of  numerous 
polypes,  each  of  which  has  essentially  the  structure  of  a  small 
Sea-anemone,  united  together  by  a  common  organised  medium 
or  "coenosarc"  (fig.  37).  Each  polype  has  six  tentacles, 
and  the  entire  organism  is  supported  by  an  internal  skeleton 
or  "  corallum."  The  coral  is  homy,  and  it  is  what  is  called 
•*  sclerol>asic ; "  that  is  to  say,  it  forms  an  internal  axis,  over 
which  the  comosarc  is  spread,  much  as  the  bark  encloses  the 
wood  of  a  tree.  As  the  polypes  are  sunk  in  the  ccenosarc, 
and  as  this  simply  forms  a  rind  for  the  coral,  it  follows  that 
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the  polypes  are  cutsidc  the  corallum.      In  other  words, 
polypes  take  no  part  in  the  secretion  of  the  corallum;  but  iho" 
IS  deposited  solely  by  the  ccenosarc  or  common  flesh  by  which_ 
the  polypes  are  connected  together. 


^'S-  J7--'FArt  or  a  tiving  stem  »f  Anti^tthes  an^uina,  uf  Ihc  natural 
(After  Dana.) 


The  Zflaniharia  sclerohaska  are  not  known  as  occurring  in 
either  the  Palaeozoic  or  \tesozoic  period.  They  appear  for 
the  first  time  in  Tertiary  deposits,  and  the  genus  AniijHUlus 
is  represented  in  strata  of  Miocene  age. 

C.     ZOANTHARIA    SCLEROFJERMATA. — This    gTOUp    includcs 

most  of  the  so-called  *'  corals,"  and  is  of  very  high  geological 
importance.  All  the  members  of  this  group  secrete  a  skeleton 
or  *'  corailum,"  and  this  is  necessarily  the  only  part  of  the 
animal  with  which  the  paU-eontologist  has  to  deal ;  so  that  it 
becomes  necessary  to  enter  into  its  structure  at  some  length. 
The  animal  itself,  in  the  Zoantharia  scItnuiiTtna/a ,  in  its  essen- 
tial structure  resembles  a  sea-anemone ;  but  it  very  often  has 
the  power  of  repeating  itself  by  budding  (gemmation)  or  cleav- 
age (fission),  so  that  from  a  simple  it  becomes  a  compound 
organism.  It  may  therefore  consist  of  a  single  *^i»oIype,"  or 
of  many  similar  polypes  united  by  a  common  flesh  or  "cceno- 
sarc." The  corallum  is  wliat  is  called  "sclerodermic,"  its 
essential  peculiarity  being  that  it  is  secreted  by  the  polype  or 
polypes.  The  sclerodermic  coral,  in  fact,  is  an  actual  calcili- 
cation  of  part  of  the  tissues  of  the  pol>'pe.  "When,  therefore, 
we  have  a  simple  coral,  produced  by  a  simple  member  of  this 
group  (as  in  fig.  38}^  we  have  clearly  to  do  with  nothing  but 
skeletal  structures  produced  in  the  interior  of  the  polype  itself 
When,  on  the  other  hand,  we  have  a  compoutui  sclerodennic 
coral  to  deal  ^\^th,  we  have  usually  more  than  this.  We  have, 
namely,  two  parts  or  elements  of  the  coral  to  consider;  1. 
The  parts  of  the  coral  secreted  by  each  individual  polyjie;  and, 
2.  The  parts  secreted  by  the  ccenosarc  which  unites  all  the 
polypes  into  an  organic  whole.  A  compoimd  coral  may  be 
theoretically  regarded,  therefore,  as  consisting  of  a  greater  or 
less  number  of  simple  corals,  such  as  the  preceding,  united 
together  by  a  greater  or  less  quantity  of  calcareous  matter 
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secreted  by  the  ccenosarc  (fig.  40).      The  entire  compound 
conillum  consists,   therefore,  of  a  greater  or  less  number  of 


Fig.  38.  —Pfityin  eattcnia. 
Luwer  Siluriait. 


Fig.  yi^—Zn^reMtit  SioJkeii. 
Lower  Silurian. 


'*coraJIites  "  bound  together  by  a  calcareous  basis,  which  is 
secreted  by  the  ctx^osarc,  and  is  called  the  "ccenenchyma.'* 


Fig.  40.— ^/hAt/m  SAar/fana, 

In  practice,  however,  this  theoretical  view  of  the  subject  is  not 
always  home  out  The  comiioiind  coralluni  may,  and  often 
does,  consist  (as  in  fig.  41)  of  a  number  of  corallites  produced 
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by  budding  or  cleavage  from  a  primitive  corallite,  having  iheir 
outer  walls  closely  amalgamated,  but  not  sunk  in  any  general 
coenenchjma.  In  other  cases,  the  coenencbyma,  though  not 
actually  absent,  is  very  much  reduced  in  quantity. 


Fig.  41.— AficJuiimia  £vitveja  (D'OrbigiiyX    A  cooipouod  «clenxlcnnic  CmL 


To  comprehend  the  more  intimate  structure  of  a  sdt 
dermic    coral,   we   niay   take   a 
"  corallite"   of  a  composite   foi 
Iietter^  the  simple  corallum  secreted 
a   form  which    never   repeats  itself 
gemmation  or  cleavage  (fig.  42). 
a  coral  consists  of  an  outer  wall,  wl 
encloses  an  internal  space  or  chaml 
and  which  assumes  very  various  fc 
We   may,   huwever,    take   the   sim 
and  commonest  fonn.  in  which  the 
is  conical  or  turbinate  in  shape  (fig. 
The  outer  wall  of  this  cone  is  called 
'*  iheca,"  and  it  encloses  a  space  wl 
is  variously  subdivided  below,  but  wl 
has  the  form  of  a  shallower  or  d( 
conical  cup  towards  its  summit, 
vacant  space  is  called  the  "  calice, 
in  the  living  state  it  contains  the 
machal  sac  of  the  polype.      The  sj)ace  below  the 
broken  up  into  a  number  of  vertical  compartments  or  "1< 


Fig.  43.  —  C^tkaxoMia 
DalmtauL  A  Miniilc  ftclcro' 
ticmiic  iroral,  showing  the 
thec;t,  with  iu  cu«ta;,  the 
calice,  with  the  coUiincUa 
iti  il<t  centre,  :ind  ihc  K|>la- 
A  portiun  of  wall  of  the 
thecm  is  bt^lcen,  In  order 
10  show  th«  interior  of  the 
calice. 


by  a  scries  of  upright  partitions  or  "  septa,"  which  spring  from 
the  inner  surface  of  the  theca,  and  advance  toward  its  reutre. 
Very  commonly  some  of  the  septa  unite  centrally  with  a 
median  calcareous  rod,  which  extends  vertically  from  the 
bottom  of  the  theca  to  the  bottom  of  the  calice  (sometimes 
projecting  into  the  latter),  and  which  is  called  the  "columella." 
T'he  columella,  however,  is  often  wanting,  or  a  spurious  one 
may  be  formed  hy  the  twisting  together  or  coalescence  of  the 
inner  edges  of  the  septa.  In  rare  cases,  also,  the  septa  them- 
selves are  wanting.  The  septa,  further,  are  of  different 
breadths.      A  certain  number  (fig.  43)  extend  (juite  to  the 
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Fig.  43.— Dbjcranunatic  sections  of  ooralt.  A,  Section  of  ftclerodennic  corat,  showing 
4>Tc  primary  «:])Ui,  the  col\itntrllj.  iuhI  ntslo;  (r)  ;  B,  Section  of  Rugnitc  coral,  «Jinwiiig 
four  pntnary  Mpla.      Between  the  primary  septa  «re  seen  the  sccuad^ry  and  tertury 


centre  of  the  coral,  where  they  meet  the  columella  (when  this 
is  present).  These  are  called  the  "  primary  sejita."  Others, 
however,  fall  short  of  the  columella  by  a  greater  or  less  dis- 
tance ;  and  these  are  called  "secondary"  and  '^tertiary" 
septa,  according  to  their  breadth. 

The  above  is  the  essential  structure  of  the  typical  form  of  a 
simple  sclerodermic  corat,  and  it  is  easy  to  see  that  it  is  pro- 
duced by  the  calcification,  or  conversion  into  carbonate  of 
lime,  of  the  /ouvr  portion  of  a  polype  similar  in  structure  to 
an  ordinary  Sea-anemone.  The  "  theca'  of  the  coral  corre- 
sponds to,  and  is  secreted  by,  the  ''  cohimn-wall  "  or  general 
wall  of  the  body  of  the  polype.  Tlie  "  septa,"  agaiji.  corre- 
spond with  the  '*  mesenteries,"  and,  like  them,  are  *'  primary," 

secondary,"  or  "  tertiary,'*  according  as  tliey  reac}i  the  centre 
fall  short  of  it  by  a  greater  or  less  distance.  We  must  re- 
meml>er,  however,  that  it  is  only  the  inferior  half  of  the  body 
of  the  polype  which  is  thus  calcified.  The  tentacular  disc  and 
muuih  are  placed  at  some  distance  above  the  upper  margin  of 
the  theca.  and  the  digestive  sac  occupies  the  calice;  whilst 
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the  whole  ot  the  space  comprised  within  the  theca  is  lined  by  i 
tlie  endoderm,  and  the  whole  of  its  outer  surface  is  covered 
by  the  ectoderm. 

Whilst  the  above  gives  the  fundamental  structure  of  a  simple 
sclerodermic  coral  turn,  there  are  some  ad- 
ditional details  which  are  of  sufficient  im- 
portance lo  duniand  special  notice.  The 
septa  in  the  coralla  of  the  Zaa/ifAam 
scierodervtata^  like  the  mesenteries  of  the 
living  animal,  are  in  multiples  oi  Jheca 
si\x.  It  is  not  coimnon^  however,  to  find 
the  se])ta  so  few  as  would  be  represented 
by  these  fundamental  numbers.  Cora- 
monlj',  in  progress  of  growth,  fresh  sepu 
are  formed  between  those  originally  [>r^ 
sent,  until  there  may  be  several  '*  cycles^' 
of  septa  (fig.  43).  ^H 

The  septa  may  be  considered  as  half 
continued,  in  many  cases,  through  the 
theca,  and  beyond  its  extenial  surface 
The  outer  surface  of  the  theca  thus  comes 
to  be  covered  with  a  series  of  vertical 
ridges  or  ribs,  which  are  termed  the  "cos- 
t2e"  (fig.  43,  c,  and  fig.  44).  The  costa 
vary  much  as  to  the  distance  by  which 
they  are  separated  from  one  another,  and 
as  to  their  breadth,  their  solidity,  and 
their   ornamentation    with   spines,  tuber- 


Fig.  44.  —  Tur^iHoiia 
tmicata.  'llic  upperffiEnire 
shows  ihe  exterior  of  the 
theca  with  the  coaUc.  The 
lower  fipirc  showi  the  ca- 
lice,  with  the  columelia 
and  primary  and  second- 
ary Kpla.     EoccDc. 


cles,  or  teeth. 

In  some  cases  the  outer  surface  of  the 
theca  is  more  or  less  covered  by  a  thicker 
or  thinner  envelope  of  calcareous  matter, 
constituting  what  is  termed  the  "epi- 
theca."  In  some  cases,  as  in  the  genus 
MontiivaHia  (fig.  45),  the  epitheca  is  veit 
highly  developed  and  forms  a  dense 
covering,  but  it  is  often  extremely  thin.  It  varies  much  as 
to  the  extent  to  which  it  is  applied  to  the  theca;  and  it  may 
be  smooth,  or  may  be  marked  by  concentric  or  encircling 
ridges. 

The  chief  remaining  structures  which  may  be  noticed  are 
what  are  called  "pali,"  '*  dissepiments,"  and  "tabulae."  Fsi 
are  "small  processes  which  exist  between  certain  septa  anc 
the  columella.  They  generally  arise  from  the  base  of  the  ris 
ceml  cavity,  or  close  to  it,  and  pass  upwards,  united  by  Oft 


Ige  to  the  columella,  and  by  the  other  to  the  inner  end  or 
in  of  the  septa.  When  there  is  no  columella,  they  are 
lerent  to  the  septa,  present  a  free  edge 
the  cavity  in  the  axis  of  the  conilliim, 
id  arise  with  the  sepu"  (Duncan), 
le  dissepimmis  are  incomplete  hori- 
mtal  plates  which  grow  from  the  sides 
the  septa,  stretching  from  one  septum 
to  another,  and  more  or  less  intcrferinc; 
with  the  continuity  of  the  loculi,  and 
breaking  them  up  into  a  series  of  cells. 
The  loculi  may  thus,  when  the  .dissepi- 
nients  are  numerous,  become  more  or 
less  completely  vcsiathr.  Lastly,  the 
iabuia  (fig.  46)  are  transverse  plates  or 
floors  nmning  at  right  angles  to  the  axis 
of  the  corallite,  and  dividing  the  theca 
into  so  many  horizontal  compartments  or 
stories,  each  of  which  is  sertically  subdivided  by  the  septa, 
when  these  exist  Very  generally,  however,  the  septa  are 
absent  when  the  coral  is  "  tabulate," 


P^>£'  45- — MoMtlix'nltia 
cafye^ytiafet,  f\\ov\n^ 
the  grcallyxlcve loped  cpl- 
thcca  covering  the  lower 
pnrt  of  the  coral.  Great 
Oiiliie. 


Fig.  ^.—CsltiniHtt*i,i  afTv.t/.tU,  fthowing  ihe  coniJlite«  partiuotict]  off 
into  Mucics  by  labulx.     Silurian. 


Gemmation  and  Fission  AMONc.rr  Corals. — Compound 
Corals,  as  before  remarked,  are  produced  by  a  process  of 
budding  (gemmation)  or  cleavage  (fission)  from  an  originally 
simple  form,  or  by  a  combination  of  both  these  processes. 
Most  commonly,  the  compound  sclerodermic  coral  consists  of 
a  numt>er  of  **corallites,"  each  produced  by  a  separate  polyjje, 
and  of  a  common  calcareous  basis,  or  "  ccencnchyma,*'  secreted 
by  the  ctenosarc.     There  may,  however,  be  no  ccenosarc,  and 
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consequently  no  coenenchyma  ;  and  the  compound  coral 
consist  simply  of  a  congeries  of  corallites  directly  united  to, 
or  springing  from,  one  another. 

Three  chief  forms  of  gemmation  may  be  distinguished 
amongst  the  compound  Zoaniharia — viz.,  basal^  parktal^  and 
caJicuiar. 

In  basal  gemmation  the  mode  of  increase  is  by  means  oi 
a  rudimentary  cttnosarc^  which  is  put  forth  by  the  original 
polype,  and  from  which  the  young  polype-buds  are  produced. 
It  **  affords  very  different  products  according  as  the  coenosarc 
remains  soft,  or  deposits  a  coenenchyma  ;  appears  under  the 
form  of  stolons,  or  of  stouter  connecting  stems  ;  or  e\en 
spreads  out  in  several  directions  as  a  continuous  hori/ontaJ 
expansion  ;"  in  which  last  c-ase  the  youngest  polypes 
course,  those  nearest  to  the  periphery  of  the  mass. 

The  parietal  mode  of  gemmation  is  the  commonest 
it  gives  rise  chiefly  to  dendroid,  or  tree-like,  corals.     In  this 
method  the  buds  are  produced  from  the  sides  of  the  origiml 
polype,  and  they  often  repeat  the  process  indefinitely. 

Calicular  gemmation  is  not  known  to  occur  in  any  recent 
coral,  but  it  was  a  common  nio<le  of  increase  amongst  extinct 

forms.  In  this  method  "the 
primitive  polype  sends  up  from 
its  oral  disc  two  or  more  simi- 
lar buds  J  these,  in  their  mm, 
produce  other  young  polj'pa, 
and  thus  the  process  is  repeated 
until  an  inverted  pyramidal  mass 
of  considerable  size  is  produced, 
all  the  parts  of  which  rest 
upon  the  narrow  base  of  the 
first  budding  polype"  (fig.  47). 
Fission  in  the  Actinosoa  differs 
from  gemmation  chiefly  in  the 
fact,  that  the  jjoh-pes  produced 
fissiparously  resemble  one  an- 
other in  organisation,  and  often 
in  size,  as  soon  as  they  become 
distinct.  In  gemmation,  on 
the  other  hand,  the  polypc-bud  consists  primarily  of  a  mere 
process  of  ectoderm  and  eudoderin,  enclosing  a  cffical  process 
of  the  somatic  cavity,  and  a  mouth  and  other  structures  are  at 
first  wanting.  Amongst  the  coralligenons  Adi$u>zoa  fission  is 
usually  effected  by  "oral  cleavage,"  the  divisional  groove  com- 
mencing at  the  oral  disc,  and  deepening  to  a  certain  exteotr 


Fi^    47.  —  Calicular    gi 
seen  in  Lim»{ttUtt  jlorijormit. 

Silurian. 


cmmation    as 
Upper 


proximal  extremity  always  remaining  undivided.  More 
,  fission  '*  is  effected  by  tlie  separation  of  small  portions 

m  the  attached  base  of  the  primitive  organism,  whose  form 
and  structure  they  subseiiuenliy,  by  gradual  development,  tend 
to  assume." 

"  The  coral  structures  which  result  from  a  repetition  of  the 
fissiparous  process  are  of  two  principal  kinds,  according  as 
they  tend  most  to  increase  in  a  vertical  or  in  a  /torisonta/ 
direction.  In  the  first  of  these  cases  the  corallum  is  csspitose^ 
ror  tufted,  convex  on  its  distal  aspect,  and  resolvable  into  a 
^succession  of  short  diverging  pairs  of  branches,  each  resulting 
Sfrom  the  division  of  a  single  corallitc.'*  In  the  second  case 
the  coral  becomes  hime/Aif,  "  Here  the  secondary  corallilc*s 
|are  unitctl  throughout  their  whole  height,  and  disposed  in  a 
1  linear  series,  the  entire  mass  presenting  one  continuous  theca." 
'Both  these  forms  of  corallum  "  are  liable  to  become  massive  by 
(the  union  of  several  rows  or  tufts  of  corallites  throughout  the 
Jwholc  or  a  portion  of  their  height.  An  illustration  of  this  is 
afforded  by  the  large  gyrate  corallum  of  Afavuirina^  over  the 
surface  of  whose  spheroidal  mass  the  calicine  region  of  the 
;combined  corallites  winds  in  so  complex  a  manner  as  at  once 
Ito  suggest  that  resemblance  to  the  convolutions  of  the  brain 

(which  its  popular  name  of  Brain-stone  Coral  has  been  devised 
to  indicate."   (Greene,  *  Manual  of  Ccelenterata,'  p.  185  et  seq,) 
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•PkilH^mstnta  Vrnuuilii.     From  the  DevoDian  (Cumifcraus  Limcdnne) 
of  N.  AmencsL. 


Deep-sea  Corals  and  Rekf-buu.ders. — At  the  present 
day,  as  has  been  specially  insisted  on  by  Dr  Martin  Dunain 
/We  find  two  great  groups  of  the  Sclerodermic  '/Amntharia — viz, 
I  those  which  inhabit  tolerably  deep  water,  and  those  which 
build  the  great  masses  of  coral  which  are  knoiATi  as  **  coral 
reefs."  The  deep-sea  corals,  though  often  attaining,  as  in 
dividuals,  a  considerable  size,  and  though  often  compound 
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never  form  massive  aggregations  or  "  reefs."  This  is  due  to 
the  fact  that,  when  composite,  the  separate  corallites  are  not 
united  together  by  a  lax  cellular  ct^nenchyma,  so  that  tht 
colony  cannot  increase  to  an  indefinitely  large  size.  The 
deep-sea  corals  seem  to  have  existed  in  all  the  great  geological 
periods,  from  the  Silurian  upwards.  The  chief  genera  of  this 
group  at  the  present  day  are  Caryophyilia,  BaiatwphyUh^ 
Fiabdium^  Dcsmophyiium,  and  Sphawirochus^^xi\on%^\  the  sim- 
ple forms  ;  and  Liyphohelia^  Amphiheiia^  DoidrophyUiOy  and 
Astrangia,  amongst  the  compound  forms. 

The  reef-building  corals,  when  simple,  are  pro\'ided  with 
special  structures  which  enable  the  polypes  to  grow  rapidlv- 
Tfie  great  majority  of  the  reefbuilders,  however,  are  com- 
pound, and  owe  the  large  size  to  which  they  attain  to  the 
fact  that  the  corallites  are  mostly  united  by  a  loose  celluUr 
coenenchyma.  The  chief  genera  of  reefbuilding  Z^jfUAaru 
in  Mesozoic,  Kainozoic,  and  Recent  times,  are  AfiettttJrim, 
Madr^pora,  Porites,  Astrma^  Mii/cpora,  Heiioporaj  Cydosfrii, 
Trochoseris^  He/iasiraa,  SoUfUistraa,  Pa^/tyscris,  Turin'nari^ 
and  Astraopora ;  but  many  others  might  be  mentioned. 

Amongst  the  more  ancient  examples  of  coral-reefs  maybe 
mentioned  the  Wenlock  Limestone  of  the  Upper  Silurians  is 
England,  some  of  the  Devonian  Limestones  in  Vorth  Ameria, 
and  parts  of  the  Carboniferous  Limestone  in  various  parts  of 
the  world.  In  Mesozoic  times  coral-reefs  existed  towards  the 
close  of  the  Trias  in  Western  Europe,  and  largely  in  Oolitic 
times  both  in  Western  Europe  and  in  England.  In  the  earlia 
portion  of  the  Tertiary  period,  again,  v:ist  coral-reefs  were 
formed  in  Central  and  Southern  Europe,  in  Egji^t,  Syria,  and 
Arabia,  and  in  parts  of  India. 

Divisions  and  Distribution  in  Temf  of  theZoaktharw 
ScLERODERMATA. — The  Zoautharta  sderodtrmaia  are  divided 
into  the  four  following  groups,  founded  upon  the  charactersof 
the  coraltum  : — 

r.  Tabuiata. — Septa  nidimcntary,  or  entirely  absent ;  tabul« 
well  developed  and  dividing  the  space  included  within  the 
theca  (the   "visceral   chamber")   into   a   number  of  stories 

(%  46). 

2.  Perforata. — Sejita  well  developed  \  dissepiments  nidi- 
mentary ;  no  tabulce ;  calcareous  tissue  of  the  coral  ("icler- 
enchyma  ")  porous. 

3.  Aporosa. — Septa  well  developed,  lamellar ;  no  tabi 
calcareous  tissue  of  the  corallum  ("sclerenchyma")  m 
and  imperforate. 

4.  Tubulosa.- — Septa  indicated  by  mere  striae;  thecae 
form,  occasionally  united  by  a  basal  ccenenchyma  (fig.  94). 
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As  regards  the  distribution  in  time  of  the  above  four  groups, 
the  Tabulate  Corals  attain  their  maximum  in  the  Palaeozoic 
period,  being  well  represented  in  the  Silurian,  Devonian,  and 
Carboniferous  formations.  The  family  Thecida  is  exclusively 
Silurian  ;  but  the  familiar  S^riatoporidiE^  Favositida^  and  Milk- 
poridce  survived  to  the  present  day;  though  there  are  many 
breaks  in  our  knowledge  of  their  course. 

The  Perforata  are,  on  the  whole,  most  abundant  in  Mesozoic 
and  Cainozoic  strata,  and  attain  their  maximum  at  the  present 
day.  In  the  Palaeozoic  series  the  group  is  represented  by 
Proiarea  (Silurian)  and  Plmrodictyum  (Devonian),  both  belong- 
ing to  the  family  of  the  Poritidis.  The  great  family  of  the 
MadreporidiFy  on  the  other  hand,  did  not  make  its  appearance 
till  the  Cretaceous  period. 

The  Aporosa  are  almost  exclusively  confined  to  the  Meso- 
zoic, Kainozoic,  and  recent  periods,  attaining  their  maximum 
at  the  present  day.  In  the  Palaeozoic  ]jeriod  the  group  is 
only  represented  by  the  Silurian  genus  Palicocyc/us,  belonging 
to  the  FimgidiP.  At  the  commencement  of  the  Mesozoic 
period,  in  the  Trias,  appears  for  the  first  time  the  great  family 
of  the  Astrmda,  so  largely  represented  at  the  present  day. 
Almost  all  the  Jurassic  Corals  belong  to  the  Aponmi^  and 
the  two  families  of  the  TurbinolidiE  and  Oadinidw  make  their 
ftrst  appearance  here.  In  the  Cretaceous  Rocks  the  Aporosa 
are  largely  represented,  the  family  Astraida  being  particularly 
rich  in  generic  forms.  In  the  Tertiary  j>eriod  the  group  is  also 
well  represented. 

The  Tuhdosa,  comprising  the  single 
family  of  the  AuhporidcCy  are  exclusively 
Palaeozoic.  In  the  Devonian  period, 
and  doubtfully  in  the  Silurian,  we  have 
the  genus  Auloporai^^.  49);  and  in  the 
Carboniferous  Rocks  occurs  the  genus 
Pyrgia.  There  is,  however,  reason  to 
believe  that  these  genera  have  been 
founded  upon  the  young  and  immature 
forms  of  otlier  corals. 

Ordf.r  II.  RxJGOSA. — The  members  of  this  order  are  almost 
entirely  extinct,  and,  with  the  exception  of  Hohcysih  dedans 
firom  the  Lower  Cretaceous  rocks,  and  a  few  more  modem 
forms,  are  not  known  to  occur  in  deposits  younger  than  the 
Palaeozoic  epoch.  With  the  soft  parts  of  the  Rugosa  we  are, 
for  the  most  part,  entirely  unacquainted,  and  the  definition  of 
the  order  must  therefore  he  founded  upon  the  characters  of 
the  corailum.      The   corallum   in   the  Rugcsa  is  highly  de- 


Fig.  ^^—Ait/fffvra  ttrftn*. 

Devonian. 
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veloped,  sclerodennic,  with  a  true  theca,  and  often  presenting 
both  septa  and  tabulae  combined.  The  septa  are  in  multiples 
oifour  (fig.  43),  unlike  the  recent  sclerodermic  coralla,  in  which 
they  are  in  multiples  oi  jive  or  six.  There  is,  further,  no  tnie 
ccenenchyraa.  Some  of  the  Rugosa  are  simple;  but  others  arc 
composite,  increasing  either  by  parietal  or  by  calicular  gemma- 
tion. 
The  Pala;o2olc  corals  (figs.  50-55),  with  hardly  an  exception, 

PaLAOKOIC  CORAI& 


Fig.   y>.-'^^nngp*ora  rrti/ormis, 
A  SUunan  'Jiibulatc  Coral. 


Fig.  sa. — Synngvfiftra  DiUmattL  Fig.  53---«S>"«jP*A»ni  f*m/a<ta, 

Silurian,  Sllunaa. 


A  Stluriiin  Rug(>M:  CqihI. 


belong  either  to  the  Ru^^osa  or  to  the  Tabulate  division  of 
Zoaniharia  scierodermata.     The  former  are  readily  distinguisl^ 
able  from  the  latter  in  having  well-developed  septa,  as  a  nilc,   || 
and  in  invariably  having  their  septa  in  multiples  of  four.    Ui 
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quite  recently  it  was  believed  that  all  the  Rugosa  were  Palaeo- 
zoic, with  the  exception  of  the  genus  Holocystis^  represented  in 
the  Cretaceous  period  (Upper  Greensand)  by  the  single  species 
H,  c/egaris.  Recent  researches,  however,  have  brought  to 
light  the  existence  in  our  present  seas  of  at  least  two  genera 
{ITaplophyliia  and  Guynia)  which  belong  to  the  Rugose  family 
of  the  Cyathttxofiida ;  and  certain  Tertiary  Rugose  Corals 
have  also  been  described  (Martin  Duncan).  As  the  Hugosa 
are  in  no  fundamental  structural  character  to  be  distinguished 
from  the  Zmntharia  scierodcrmata^  save  in  the  number  of  their 
septa,  there  would  thus  seem  to  be  no  good  ground  for  main- 
taining that  there  is  any  essential  difference  between  the  Palaeo- 
zoic corals  and  those  of  more  modern  times. 

Recently  it  has  been  shown  that  some  very  abnormal  Ru- 
gose corals  were  provided  with  a  lid  or  operculum,  closing  the 
mouth  of  the  calice.  In  the  genus  Calceoia  (fig.  56),  formerly 
referred  to  the  Brachiopoda,  and  very  abundant  in  certain  parts 
of  the  Devonian  system,  the  operculum  consisted  of  a  single 
valve  or  piece.  In  GottiophyUum  four  valves  were  present,  and 
in  Cystiphyilum  prismaticum  there  were  four  or  more  valves  in 
the  operculum.  It  is  worthy  of  notice  that  some  recent  corals 
(species  ol  Primnoa^  Paramuriaa^  and  others)  exhibit  also  a 
more  or  less  complete  o]iercuhim.  According  to  Professor 
Agassiz,  the  Hugosa  and  the  Tijbulatt 
division  of  the  Zaaniharia  ought  not 
to  be  considered  as  belonging  to  the 
Aciinozoa^  but  should  be  placed  amongst 
the  Hydrozoa.  This  radical  change,  how- 
ever, cannot  be  accepted  without  the 
production  of  very  conclusive  evidence  in 
its  favour.  A  strong  argument  against  re- 
ferring the  Rugose  and  Tabulate  Corals,  ^^  ,0  _c«;.../«  ««*r- 
as  proposed  by  Agassiz,  to  the  Hvdrozoa^  ''"»«  An  operciOate  Kugow 
IS  their  possession  in  most  cases  of  well- 
developed  septa,  implying,  of  course,  the  existence  in  the  living 
animal  of  mesetiicries^  structures  which  are  wholly  wanting  in 
the  Hydrozoa. 

As  regards  the  distribution  in  time  of  the  families  of  the 
J^ugosa,  the  most  important  group  is  thnt  of  the  CyaihophyUidi^y 
■H'hich  is  abundantly  represented  tn  the  Silurian,  Devonian,  and 
Carboniferous  Rocks.  The  family  Cyathaxonid^  is  Silurian 
and  Carboniferous,  and  is  represented  by  two  living  genera. 
The  family  Cystiphyllida:  is  Silurian  and  Devonian.  Lastly, 
the  family  SUvtrida  is  represented  in  the  Silurian  Rocks  by 
the   genus  Stauria^  iu  the    Devonian   Rocks   by  the  genus 
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MetriophyUum^  in  the  Permian  Rocks  by  the  genus  Polyoxlux, 
and  in  Tertiary  deposits  by  the  genus  Conosmiiia. 


Appendix  giving  a  Tabular  View  of  the  Divisions  or  thi 

ZOANTllARIA   SCLEROnKRMATA  AND  RUGOSA    (AFTER 
MILNE-EDWARDS  AND  JULKS   HAIME). 


I 


A.  The  Zoantharia  Sciervdermata  are  defined  by  Uie  possessba  of  t 
sclerodermic  coralltinif  the  pnrts  of  which  arc  arranged  in  raultiptes  of  five 
or  six.  SepU.  getieraliy  well  developed,  but  not  combined,  as  a  rule,  incli 
tabulx. 

The  following  chief  divisions  of  the  ZoafttMaria  Sfferoiiermata  are,  with 
few  alterations^  those  adopted  by  the  al>ove-mcntione*i  authoriiies:— 

I.  Tabu  LATA.  —  Septa  rudiiiiiciitary  or  absent;  tabuUe  well  developed, 

dividing  the  visceral  chamber  into  a  scries  of  stories. 

I.  TJtrtTif/cf. —^Corallum  massive;  a  dciwic  spurious  cccncncbyma  fonned 

by  the  lateral  union  of  the  septa  ;  tabula  numerous. 
3.  Ftn'osititiit. — Septa  and  coralHtes  distinct;  little  or  no  true  ciaen- 
chyma. 

3.  Seriatoporida.  —  Corallum  arborescent ;  sclercnchyma  abundant  and 

compact  ;  tabule  few. 

4.  lilitUpotidiP. — Conillum  massive  or  fotiaccous ;  septa  not  numerous; 

sclerenchyma  tabular  or  cellular. 

II.  Perkorata. — Septa  well  developed  ;  no  labulie ;  dissepiments  radi- 

mentary ;  sclerenchyraa  porous. 

5.  £.upsammiJiF. — Condlum  simple  or  composite  ;  septa  well  developed 

and  lamellar ;  columella  spongioso. 

6.  Ptrritid<r, — Corallum  comiioscd  of  spongy,  reticulated  sclercnchym*. 

Septa  never  lamellar,  hut  consisting  wholly  of  a  more  or  less  de^nile 
series  of  trabecule  ;  no  tatniLv. 

7.  Madreporida. — Corallum  usually  composite ;  cocnenchyma  abundant 

and  spongy;   tliecx  porous,   not  di&lincL  from  the  ca:i]encli]-nu ; 
septa  distinct,  but  slightly  nerforalc. 

III.  Aporosa — Septa  well  developed,  completely  lamellar,  and  prini- 

lively  cDtisisling  of  six  elements;  no  tabulje ;  sclercnchyma  unper- 
forate. 

8.  Fun^'idte. — Corallum  simple  or  compouriH  ;  Iheca:  ill  developed,  and 

somc^that  porous  ;  no  dissepiments  or  tabuUi: ;  synapticula:  numer- 
ous. 

9.  Astraida, — Comllum  simple  or  compound ;  no  proper  cfKflcnchvmi ; 

numerous  disscpimenls ;  no  »ynapiicul;e.     Comllitcs  well  denccd, 
and  separated  from  one  anolhcr  by  perfect  walls. 

10.  OcuUmd<r. — Corallum  composite;  cttnenchyma  abundant  and  com- 
pact ;  dissepiments  few  in  number.  Walls  of  the  corallites  nilboa! 
perforations,  not  distinct  from  the  coenenchyma. 

II.  Turin noiniic. — Coralhmi  usually  simple;  00  ca.*nenchyma ; 
well  develoj3ed  ;  no  dissepiments,  nor  synapticuke. 

IV.  TUHlTLOSA. —  Septa  indicated  by  mere  stri»;  ;  thcc«f  pyriform  ; 

lites  sometimes  connected  by  a  creeping  liasal  coenenchyma. 
12,  Anhporidtf. — This  being  the  only  family  in  the  Tttbuiosa,  its  ck 
ters  are  necessarily  the  same  as  those  of  the  division  itself. 

B.  Order  Rucosa. — Characterised  by  the  possession  of  a  sc!erod< 
corallum,  u«<ually  with  septa  and  tabula'  combined,  the  former  bdng 
multiples  of  four.    The  corallites  ore  always  distinct,  and  are  never 
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togciher  hf  &  true  comcnchyma.     The  Mpta  are  usually  incomplete,  but 
IR  never  porous,  and  never  bear  synapiiculae.     The  order  is  divided  into 
the  followinf;  four  families  : — 
Funily  1.  Siauriila. 

Coralluin  «iiinple  or  composite ;  septa  incomplete,  united  by  lamellar 
dissepiments  ;  four  laiTge  primary  septa,  forming  a  cro&s. 
Fimily  2,  Cyatkaxonida. 

Conillum  simple;  sepia  complete;  no  dissepiments  or  tabulic;  with- 
^^■^        uut  four  primary  septa. 
I^Rncilv  3.    C\nthiyf*hyl'Ud.T. 

^^     ConJlum  simple  or  composite ;  septa  incomplete ;  tabula;  generally 
present 
Family  4.   CyitipkyUidit. 

ICorallum  simple,  composed  chiefly  of  a  vesicular  mass  with  but 
slight  traces  of  septa. 
Order  III.  Alctonaria.  —  The  Alcyonanan  Zoophytes 
fer  from  the  Zoanifiaria  in  the  fact  that  the  poiypa  have  eight 
fmnatHy  fritii^ed  ieniae/es,  the  mesenterUs  aiso  hein^  sotne  multipte 
^ff(fur.  The  Alcyotiaria  thus  differ  from  the  Zoantharia^  and 
agree  with  the  Rugosa  in  the  numerical  proportion  of  their  soft 
pats.  The  Aityonaria^  however,  differ  from  the  Rugosa  in 
never  possessing  a  sclerodermic  coral  divided  by  septa.  When 
the)'  have  a  sclerodermic  coralliim  at  all,  it  either  consists 
simply  of  scattered  spicules  (as  in  Atcyoniuni)^  or,  if  thecal, 
consists  of  simpile  tubes  which  are  not  fiubdi\'ided  by  vertical 
partitions  or  septa  (as  in  the  Tubiporida).  We  have,  however, 
nothing  to  do  with  these  forms,  as  they  are  unknown  in  a 
fossil  condition.  The  only  members  of  the  Aicyonaria  which 
have  left  any  traces  of  their  past  existence,  are  those  which 
posse&s  a  '*  sclerobasic"  coral,  in  the  form  of  a  simple  or 
branched  internal  axis,  which  may  be  calcareous  or  corneous, 
or  partly  the  one  and  partly  the  other.  Such  forms  are  well 
rtprescntcd  at  the  present  day  by  the  Sea-pens  (Pcrmatu/idce), 
the  Sea -shrubs  and  Red  Coral  (Gorgonidiie)^  the  Fan -corals 
{Rhipiihygiyrgia),  and  the  like.  They  are,  however,  of  very  small 
palxontologital  importance. 

The  genus  Protmnrgtdaria  has  been  constituted  for  the 
rccqrtion  of  an  obscure  Silurian  fossil,  from  its  supposed 
iffiftity  to  the  living  Sea-rods  (  Virguhiria\  This  problematical 
organism,  however,  is  almost  certainly  not  one  of  the  Aicyona- 
fiay  and  may,  perhaps,  belong  to  the  Hydrozoa.  With  this 
exception,  and  the  still  more  dubious  examples  of  Gorgonida 
from  the  Silurian  Rocks,  no  Alcyonarian  Zoophyte  has  been 
detected  in  deposits  older  than  the  Chalk.  One  of  the  Pen- 
natidida:  (viz.,  Graphtdarid)  has  been  found  in  the  London 
Cby  (I.x»wer  Eocene) ;  and  the  same  formation  has  likewise 
jricldcd  two  species  of  Gorgonida  (M&psea  and   JVedsteria). 
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The  genus   CoraUium  (including  the  living  Red  Coral) 
likewse  been  found  in  deposits  of  Miocene  age. 
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SuB-KrxGDOM  III. — Annuloida. — Animals  in  whUh  Ihi 
(dimaitary  canal  is  completely  shut  off  from  f/ic  general  cai'Uy  0f 
the  body.  Nenvus  system  distittet.  A  peadiar  system  of  canals, 
usually  communicating  with  the  exterior  and  containing  water 
derived  from  the  outside,  arid  termed  the  ^^  wafer -vascular'*  or 
"  aquiferous^^  system^  is  present  in  all.  In  none  is  the  body  of  ike 
adu/t  composed  of  definite  segments,  or  provided  with  **  bilaterally 
disposed  successive  pairs  of  appendages. " 

This  sub-kingdom  was  proposed  by  Huxley,  as  a  provisional 
arrangement,  to  include  the  two  groups  of  the  EcJtinodcrmata 
(Sea-urchins,  Star-fishes,  &c.)  and  the  Scoleeida  (Tape-worms, 
Round-worms,  Whcel-antmalcules,  &c.)  WTiether  this  a^^aJlg^ 
ment  be  uhimately  retained  or  not,  matters  not  at  all  to  the 
paleontologist,  as  no  member  of  the  Scoleeida  is  knorni  in  the 
fossil  condition.  The  pala;ontoIogist,  therefore,  has  simply  to 
deal  with  the  Echinoderinata^  the  complete  distinctness  of 
which,  as  a  group,  is  beyond  question.  ^^ 

Class  Echinodermata.  ^H 

The  class  Echinodermata  c^xn^n^^^  the  animals  known  com- 
monly as  Sea-urchins,  Star-fishes,  Brittle-stars,  Sea-lilies,  and 
Sea-cucumbers,  and  is  distinguished  by  the  fact  \\\2iX  the  external 
mvehpe  of  the  body  (**perisome")  has  the  fmver  of  secreting 
calcareous  matter  to  a  greater  or  less  extmt.  The  integitmetti  ir, 
therefore^  either  composed  of  calcareous  plates  articulated  ti'^^dhcr, 
or  is  coriaceous  J  and  has  granules  or  spicules  of  lime  deirLprd  in 
it.  The  water-vascular  system  usually  communicates  unth  the 
exterior,  ofid  generally  subserves  locomotion.  The  adult  animal 
exhibits  more  or  less  distinctly  a  '''•  rculial  symmetry^*  or  star-likt 
arrangement  of  its  parts,  but  the  young  animal  is  more  or , 
bilaterally  symmetrical 

The  Echinodermata  are  divided  into  the  following  sei 
orders  : — 
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r.  Echin<^M, — Ex,  Heart-urchin  (Spatangus). 

2.  Astet-oidtn. — Ex.   Slar-fish  (Uraster). 

3.  OphiurQidia, — Ex,  Brittle-star  (Ophiura), 

4.  CrinoiJea. — Ex.  Stone-lily  (Encriaus). 

5.  Cystifid^a. — Ex,  Hemicos  mites. 

6.  Bhislcidea — Ex.   Fciitremites. 

7.  Hchthuroidta. — Ex.  Trepang(HoIothurta). 

The  above  is  not  a  tnie  or  natural  arrangeinent  of  the  orders 
of  the  Echitiodermatay  but  it  is  convenient  for  many  reasons  to 
consider  ihcm  in  this  sequence.  As  regards  the  general  dis- 
tribution of  the  class,  the  EchinoderfmUa  are  represented  more 
or  less  abundantly  in  all  the  great  formations  from  tlie  Upper 
Cambrian  to  the  ]3Tesent  day.  The  orders  Cysfoufca  and  Bias- 
toii/ea  are  not  only  extinct,  but  are  excltwively  Palieozoic ;  in  the 
Crifwidea  we  have  an  order  which  has  passed  its  prime,  and  ap- 
pears to  be  verging  on  extincliun.  On  the  other  hand,  the  orders 
Echinoidfd^  Astcroidea^  Ophiuroidea^  and  Holothuroidfa  appear 
to  have  attained  their  maximum  of  development  at  the  present 
day.  The  Ast^oidea  and  Ophiuroidea  commence  in  the  Silu- 
rian period.  The  Echinoids  commence  in  the  Upper  Silurian, 
but  reach  no  marked  development  till  we  enter  upon  Mesozoic 
deposits.  I^istly,  the  Hohthurmnsy  as  might  be  expected  from 
the  soft  nature  of  their  integuments,  are  hardly  known  as  fossils, 
though  they  seem  to  have  existed  in  the  Mesozoic  period. 

Order  I. — Echinoidea. 

The  members  of  this  order  —  commonly  known  as  Sea- 
urchins — are  characterised  by  the  possession  of  a  more  or  less 
gioifu/ar,  heart- shaped^  discotdal  or  depressed  body,  encased  in  a 
**  iest*^  or  shell ^  7vhich  is  composed  of  numerous  caicareous  piates, 
immarahly  connected  together.  The  intestine  is  convoluted,  and 
there  is  a  distinct  anus.  Thr  mouth  is  usuaUy  armed  7vith  cal- 
careous tcethy  and  is  aiways  situated  on  the  iujerior  aspect  of  the 
body,  bid  th^  position  of  the  vent  varies. 

As  a  matter  of  course,  the  pal^ontological  student  has  to 
deal  ttath  nothing  except  the  test  of  the  Echinoids  and  its 
appendages,  and  these  must  be  described  in  some  detail. 
The  **  test"  of  the  Echinoidea  may  be  regarded  as  essentially 
composed  of  the  so-called  "corona"  and  of  the  "apical  disc," 
though  other  less  important  elements  are  present  as  welt.  The 
"  corona "  is  the  main  element  of  the  test,  and  includes  all 
the  calcareous  covering  of  the  animal  except  the  scattered 
plates  round  the  mouth  and  anus  and  the  "apical  disc."  The 
test  is  composed  of  numerous  calcareous  plates,  fiiinly  united 
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to  one  another  by  their  edges,  arranged  in  rows  (fig.  57),  and 
bearing  difTcrent  names  according  to  their  position  and  func- 
tion.    In  one  or  two  exceptional  cases  the  plates  are  so  tl 


^S  S7- — Morphology  of  Echinoidca.  i.  Vonion  n(  the  lest  of  Caffrf fa  Ji^miifAtrvia 
entargea,  allowing  na  intcr-sunbuUcrat  area(ri},  nitd  an  ainbul%cral  Arc;i(^).  a.  Oit/rritri 
fumisfiit^ricHt  vK-ifcA  from  al»o%'c.  n  Inter-nnibularra :  <^  AmbtilAcr;!.  3.  Ijcnit*!  axtL 
oculiLT  disc  of  Hemicidiiris  intermfdui  cnlarKcd.  c  Ocular  plate  ;  d  GcniUl  pUte,  t 
Anal  aperture  lyMadreporiform  lubcpcle.  4.  .Spine  of  the  same.  (Alter  Forbei.)  TV 
tubercles  arc  mostly  oniJttcd  on  figi  3  and  3  for  the  sake  of  clcameu- 


»vadi 


and  are  so  united  together  that  the  entire  test  becomes  flexi' 
and  soft.  As  a  rule,  however,  the  corona  forms  an  immo 
case  or  box,  within  which  the  animal  is  contained  ;  and 
growth  is  carried  on  by  means  of  additions  made  to  the  edge 
of  each  individual  plate,  by  means  of  an  organised  membrane 
which  passes  bct^veen  the  sutures,  or  the  lines  where  tlie  plates 
come  in  contact  with  one  another 

In  all  recent  and  most  fossil  Echinoids,  the  lest  is  composed 
of  twenty  rows  of  calcareous  plates,  which  are  arranged  in  ten 
alternating  zones  or  areas  (fig.  58).  Each  zone,  therefore,  is 
composed  of  two  rows  of  plates.  In  five  of  these  zones  (fig. 
57,  I,  and  fig.  5S)  the  plates  are  of  large  size,  and  are  not 
perforated  by  any  apertures.  These  zones  are  called  the  "  in- 
ter-ambulacral  areas."  The  remaining  five  zones  alternate 
with  the  former,  and  are  composed  of  very  much  sm 
plates,  which  are  perforated  by  minute  apertures  or  po: 
Through  these  apertures  are  emitted  the  little  suctorial  tu 
of  the  water-vascular  system — the  so-called  "  ambulacral  tu 
or  **tube-feet"^by  means  of  which  the  animal  moves.  Hence 
these  zones  of  perforated  plates  are  termed  the  "  ambula 
areas"  or  "poriferous  zones." 
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In  one  great  group  of  the  Echinoids,  the  ambulacral  areas 
pass  from  the  centre  of  the  base  of  the  shell  to  its  summit 
<fig.  58),  when  they  are  said  to  be  "perfect*'  {atttbuiacra  pet- 
fcda)  or  '*  simple."     In  another  great  group  the  ambulacral 


lie  liptt  figure  >howi  the  under  iturlact:  wiiti  the 
mouth  and  ann*.  The  mitldlc  fig-urc  iv  a  side  view  :  and  the  rithl-hand  figure  show* 
the  upper  surface,  with  ihc  ambulacral  arcai  convergim:  lo  Uie  apical  disc  While 
Oulk. 


Fig.  53. — i,ikUriUi_j»ihagaitrui. 
ith         " 


areas  are  not  thus  continuous  from  pole  to  pole,  but  simply 
form  a  kind  of  rosette  upon  the  upper  surface  of  the  shell 
(fig,  59).     In  these  cases — as  in  the  common  Heart-urchins — 


l^'X*  Sv>— •>viiM/fa  mh'vtnndat  shoving  peulold  ambulacra.    Mtoccue. 

the  ambulacral  zones  are  said  to  be  *'  circumscript"  {ambulacra 
circumscripta)  or  "  petaloid." 

The  most  important  external  structures  of  the  corona  are 
the  tubercles  and  s])ines.     The  tubercles  are  rounded  eleva- 
tions upon  which  the  spines  are  carried  (fig.  Go).     They  vary 
much  in  their  dimensions,  and  receive  special  names  accord- 
ing to  their  size  or  position  on  the  test.     Ordinarily  the  tuber- 
cle consists  of  a  rounded  ball  or  hemisphere  (the  "  mamelon  ") 
supported  upon  a  conical  process  (the  "boss")  which  arises 
from  the  plate.     The  ball  of  the  tubercle  may  or  may  not  be 
perforated  for  the  insertion  of  a  ligament  which  is  attached  to 
the  articular  surface  of  the  spine.      In  many  cases  (as  in  fig. 
60)  the  l>ase  of  the  tubercle  is  surrounded  a  round  or  oval 
fttDOOth  and  excavated  space  which  is  termed  the  "  areola." 
The   spines  are  movable   appendages   which   are  jointed 
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to  the  tubercles  by  a  sort  of  "ball-and-socket"  or 
versal "  joint.  They  are  used  defensively  and  in  locomotion, 
and  vary  much  in  length  and  shape.  Sometimes  they  are  very 
minute;  at  other  times  they  attain  a  length  considerably  ex- 
ceeding the  diameter  of  the  test.     Sometimes  they  are  slender, 


fig.  6o.^Hemiciti/trit  crrmHlarii,  showing  tubercles,  Uie  laiver  of  which  uc 
perforated,  and  are  surrDunded  by  an  areola.     OoUle. 

tapering,  and  truly  spine-like ;  at  otlier  times  they  are  thick- 
ened, ovate,  or  almost  globular  (fig.  6i).  The  spine  fits  on 
the  rounded  head  of  the  tubercle  by  a  concaw 
articular  surface  ("acetabulum  "},  and  there  nuf 
or  may  not  be  a  pit  at  the  bottom  of  this,  ibt 
the  attachment  of  the  ligament  before  sjioken 
of.  Above  the  acetabulum  or  socket  of  the 
spine  there  is  a  prominent  ridge  or  ring,  more  or 
less  '*  milled,"  for  the  attachment  of  the  muscubi 
fibres  which  move  the  spine. 

The  "apical  disc"  or  "genital  disc"  occupfei 
the  summit  of  the  test,  and  is  generally  composed 
of  ten  plates  (fig.  57,  3).  Five  of  these  plato 
are  of  comparatively  large  size,  and  are  tenned 
the  "genital  plates,"  each  being  perforated  bj- 
the  duct  of  an  ovary  or  testis.  Each  genitai  pbte  occupi« 
the  summit  of  one  of  the  interarabulacral  areas.  One  of  the 
genital  plates  (the  right  antcro-latcral  plate)  is  larger  than  the 
others,  and  supports  a  spongy  tubercle,  perforated  iivith  many 
apertures,  like  the  rose  of  a  watering-pot,  and  termed  the 
** madreporifonn  tubercle"  (fig.  57).  'J'his  structure  protects 
the  mouth  of  the  canal  by  which  water  is  admitted  from 
exterior  to  the  water-\'ascular  sj'stem.  Wedged  in 
the  genital  plates,  and  occujij-ing  the  summits  of  the  ambul 
areas,  are  five  smaller,  heart-shaped,  or  pentagonal  plates, 
of  which  is  perforated  for  the  reception  of  an  "ocellus 
eye,  and  which  are  therefore  termed  the  "  ocuLir  plates." 


Fig.  61. — Spine 
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An  important  division  of  the  Echinoids  is  constituted  by  the 
>5ition  of  the  anal  aperture.  In  one  great  group  of  Echinoids 
ie  mouth  is  situated  in  the  centre  of  the  base  (fig.  62),  and 
le  vent  is  placed  at  the  summit  of  the  test,  surrounded  by  the 
renital  disc.     These  are  the  so-called  '*  regular  "  Sea-urchins 


Fij.  6». — Sitftni'a  prr$cnata,  \  "  regular"  Ecliinoid'  Tlic  Icft-^aDd  fiijurv  n^iircjcmi 
ihc  upper  surface  of  the  ihelt.  and  s)i»w»  the  anus  surrouoded  by  the  apical  diM:.  llie 
rii£ht-h;uuj  figure  thows  the  mouth  in  the  centre  of  the  base. 

Echhioidca  endocycUcd).  They  have  a  test  which  is  almost 
Iways  circular,  or  spheroidal,  or»  it  may  be,  depressed  ;  and 
e  mouth  is  armed  with  a  compHcated  niastiaitory  apparatus. 
n  the  second  great  group  the  mouth  is  situated  on  the  lower 
rface  of  the  test,  and  is  sometimes  central,  sometimes  exccn- 
c  in  position.  The  anus  varies  in  position,  but  is  never 
laced  on  the  summit  of  the  test,  opposite  to  the  mouth.  The 
inus,  therefore,  is  not  surrounded  by  the  genital  disc.  Most 
SDmmonly  the  anus  is  marginal,  or  is  sub-marginal,  coming  to 
>e  placed  in  this  last  case  on  the  lower  surface  of  the  test  near 
he  mouth  (fig.  63).     The  Sea-urchins  in  which  this  state  of 


Fif.  63. —/)/-«-«'( Avi  cylindrica,  »n  "irTCk;ular"  Echinoid-  The  right-li;*ii4  IJKiire  ihowa 
c  frummit  of  the  shell,  wiili  the  genital  iIim:.  The  lefi-hand  figure  &hows  the  baiic  of 
c  fthell,  on  which  are  situated  both  the  mouth  and  anus. 

arts  obtains  are  termed  the  "  irregular"  Fxhinoids  {Rchimidea 
tccyciica).  They  are  further  dislinguished  by  being  mostly 
»blong,  pentagonal,  heart-shaped,  or  discoidil  in  form,  by 
►eing  mostly  destitute  of  any  masticjilory  apparatus,  and  by 
laving  only  four  perforated  genital  plates. 
Another  group  must  be  constituted  for  the  reception  of  the 
lea-urchins  of  the  Palaeozoic  Rocks,  which  differ  materially 
"om  the  Mesozoic,  Kainozoic,  and  Recent  Echinoids.     Only 
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two  genera  are  know-n  in  the  Palzeozoic  series,  viz..  Art 
cidaris  and  Palachinus^  but  these  differ  from  all  the  mod< 
forms  in  the  fact  that  the  corona  of  the  test  was  comi>osed  of 
more  than  twenty  rmos  of  pJates.  The  test  was  divided  into 
five  anibulacral  and  five  interainbulacral  areas,  and  tiie  in- 
crease in  the  number  of  plates  arises  from  the  fact  that  each 
interambulacra]  area  consists  of  three,  iive,  or  more  rows  of 
plates  (fig.  64),     From  this  peculiarity  the  Palaeozoic 


Fig.  &4. — Archtr^uinrh  elli^ticus.      The  left-hand  figure  shows  x  portion  nf « 
Einbubcral  area  enUrK»l.     The  right-hand  figure  exhibits  a  i>iuxlc  pUt& 


were  placed  in  a  separate  sub-order  by  M'Coy,  under 
name  of  Pcrischocchin'uiis  (the  Tcssciata  of  Pomel).     The 
interambulacral  areas  are  surmounted  dorsally  by  the  gc 
plates,  which  are  five  in  number,  and  in  Paitjschinus  are  doul 
peiforatcd.      The  five  ambulacrai  areas  are  *'  simple,"  or 
continuous  from  pole  to  pole,  being  surmounted  by  the 
plates.     These  are  said  by  Baily  to  be  triply  perforated 
Palachinus,  but  they  are  said  by  De  Koninck  to  be  waniii 
The  test  in  both  genera  appears  to  be  *'  regular." 

As  regards  the  distribution  of  the  Echinoidea  in  time, 
genera  Archaoeidaris  and  PalcEchinus  (the  Pcrischouhinidd^ 
exclusively  Paljeozoic,  the  former  being  confined  to  the  D< 
niau,  Carboniferous  Limestone,  and  Permian,  whilst  the 
occurs  both  in  the  Carl)oniferous  and  in  the  Upper  Silut 
The  normal  Echinoids  abound  in  the  Mesozoic  series, 
cially  in  the  Oolitic  and  Cretaceous  Rocks,  and  are  also 
represented  in  the  Tertiary  Rocks.  Their  distribution  will  I 
shortly  noticed  under  the  head  of  each  family. 

The  Echinoidea  are  divided  into  the  following  more 
portant  Himihes,  with  their  leading  characters,  distributiooj 
time,  and  a  few  illustrative  genera : — 

1.  Ananchytida, — Mouth  excentric,  in  front;  anus  bel 
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nal,  or  supramarginal.  Ambulacra  composed  of  simple 
,  not  pelaioidal.  Apical  disc  of  four  perforated  genital 
plates  and  five  orubr  plates.  Spines  minute.  No  masticatory 
apparatus.     Distrib.  Jurassic  and  Cretaceous.    Jli.  Gm,  Ana- 

\    2.  Spatanpda  (Heart-urchins),     Test  oval,  oblong,  or  com- 
monly  heart-shaped,   exhibiting  distinct  bilateral  symmetry. 
Mouth  cxcentric.      Anus  posterior  and  supramarginal.      Am- 
bulacra petaloid,  the  anteriur  one  unpaired^  usually  lodged  in 
a  groove  or  "  sulcus."     Four  genital  pores.      Mouth  toothless. 
Spines  minute  and  hair-like.     Distrib.  Cretaceous  to  Recent. 
\JU.  Gert.  Spdtangiis,  Aficrastfr,  Eupatapts^  Afnphiddus. 
\      3.    CoUyritidiC  or  Dysasierida  (sometimes  placed  with  the 
\Ananchytidce^  sometimes  in  the  following  order  of  the  Echino- 
\neida).     Test  circular  or  oval.     Mouth  exceiitric;  anus  supra- 
marginaL     Ambulacra  not  petaloidal,  meeting  at  two  points 
on  3ie  upper  surface,  which  are  more  or  less  apart.      Four 
generative  pores.       Mouth  toothless.      Distrib,   Oolitic   and 
Cretaceous.     ///.  Gm,  CoUyriies  (Dysasfer). 

4.  EchinmicidiE. — Test  oval.  Mouth  nearly  central ;  anus 
basal  or  marginal-  Ambulacra  not  petaloidal,  continuous  from 
tnouth  to  apical  disc.  Four  generative  pores.  Mouth  tooth- 
less. Distrib.  Cretaceous  to  Recent.  ///.  Gen.  Edmwums^ 
Pyrina, 

5.  Cassiduiidtc. — Mouth  central,  or  nearly  so ;  anus  supra- 
marginal  or  infra-marginal.  Ambulacra  more  or  less  petaloidal, 
similar  or  dissimilar.  Four  generative  pores.  Apical  disc 
sometimes  excentric  Mouth  toothless.  Distrib.  Oolitic  to 
Recent.     lU.  Gm.  Ciypens,  Pygauhis^  Py^urns. 

6.  ClypcasitridiB. — Mouth  central ;  anus  marginal  or  infra- 
marginal,  posterior.  Dorsal  portions  of  the  ambulacra  petaloid. 
Five  genital  jjlates  surrounding  the  madreporiform  tubercle. 
Mouth  toothed,  Distrib.  Cretaceous  to  Recent.  ///.  Gm. 
C/ypcastcr,  Satteila  (fig.  59),  F^chinocyamus, 

7.  ^(:///>;^<?«/V7V^.— Mouth  central  ;  anus  on  the  upper  sur- 
face behind,  or  on  the  lower  surface,  sometimes  mounting  so 
"high  as  to  enter  into  the  genital  disc.  Ambulacra  simple, 
narrow.  Apical  disc  with  five  genital  plates.  Spines  small. 
Mouth  toothed.  Distrib.  Oolitic  and  Cretaceous.  III.  Gm, 
Gaieriies  (fig.  58),  Ecfmioconus^  Pygastcr,  Hokciypus. 

8.  Cidarida. — Test  regular,  spheroidal.  Mouth  central; 
anus  opposite  the  mouth,  surrounded  by  the  genital  disc. 
Ambulacra  narrow,  straight,  or  flexuous.  Spines  large,  mostly 
club-shaped.     Mouth  toothed.     Distrib.  Triassic  to  Recent. 
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9.  EckinidcE. — ^Test  regular,  spheroidal.  Mouth  central; 
anus  opposite  the  mouth,  surrounded  by  the  genital  disc 
Ambulacra  wide  or  narrow,  usually  wide  centrally,  diminish- 
ing towards  the  mouth  and  anus.  Mouth  toothei  Spines 
varied  in  length  and  shape. 

Section  a,  Saknida. — Apical  disk  of  more  than  ten 
plates,  large,  with  the  anus  placed  excentrically  in  it 
Distrik  Oolitic  to  Ti^rtlarj^  ///.  Gen.  Stiletiia  (fig.  62), 
Acrosalmia, 

Section  b,  Diademada, — ^Ambulacral  areas  with  two  or 
four  rows  of  large  tubercles.  Distrib,  Jurassic  to  Recent 
///.  6V//.  Dhidamiy  Astropyga, 

Section  c.  HanUidarldtt.  —  Interarabulacra  with  two 
rows  of  large  tubercles.  Distrib,  Triassic  to  Cretaceous. 
///.  Gai.  HonUidaris  (fig.  60). 

Section  d.  E^hinidiE  Proper. — Ambulacra!   and   inter- 

ambulacral  areas  with  large  tubercles.     Dislrib.  Jurassic 

to  Recent.     ///.  Gen.  Echinus^  Temnopkurus, 

ID.  PerischmchinidcE. — Test  regular.      Mouth  central,  infe' 

rior ;  anus  opposite  to  the  mouthy  surrounded  by  the  genital 

disc     Ambulacra  simple,  perfect.     Corona  composed  of  more 

than  twenty  rows  of  plates,  each  interambulacraJ  area  consirt- 

ing  of  from   three  to  six  rows.      Distrib.    Upper  Silurian  td 

Carboniferous.     ///.  Gm*  Archcsocidans  and  PaiacJuHus. 


CHAPTER    XL 

ASTEROWEA  AND  OPHIUROIDEA, 

Order  II.  Asteroidea. 


The  order  Asterouiea  or  Sir/krida  comprises  the  ordloiff 
"  star-fishes,"  and  is  defined  by  the  fact  that  ///<?  body  (fig.  65) 
is  star-shaped  or  pentagonal,  and  consists  of  a  central  "  iift*," 
surrounded  by  Jive  or  more  tabes  or  "  amts."  Tltg  arms  art 
truly  prolongations  of  the  body,  are  hollow^  and  contain  proim^ 
tions  of  the  stomach  in  their  interior.  The  arms  are^  fut 
grooved  on  their  under  surface  for  the  reception  of  tk^  ambuk 
or  water-vascuhir  vessels.  Prom  t/tese  grooves  the  tubefeet 
protruded  in  tioo  or  four  roivs.  The  integumaii  (perisame)  is 
leathery^  but  is  more  or  less  catdfied  by  the  developme^nt  in  U 1  ' 
plates f  granu/cs J  and  spines  of  carbonate  of  lime,     7Vie  moutl 
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in  position,  and  is  tootitless.    An  anus  is  usually  praetii^ 
may  be  absent. 

The  two  most  striking  features  which  distinguish  the  Star- 
ves from  the  Sea-urchins  are   the  star-like  figure  of  the 
former,  and  the  fact   that  the  body  is  not  enclosed   in   an 
immovable  calcareous  box  or  **  test,"  as  it  is  in  the  latter. 
The  integument  of  the  Astemidea  is,  however,  so  richly  pro- 
dded with  calcareous  matter,  that  though  more  or  less  soft 
^d  flexible  during  life,  it  is  quite  capable  of  being  presen'cd 
H^ft  fossil  condition.     It  is,  of  course,  wholly  with  the  cal- 
^Bous  secretions  of  the  animal  that  the  palx'ontologist  has  to 
^Hl;  and  we  may,  therefore,  dispense  witli  any  further  account 
a  the  soft  parts,  beyond  wliat  is  contained  in  the  above  detini- 
tioQ. 

In  their  form  the  Star-fishes  differ  considerably,  though  in 
most  the  figure  is  markedly  stellate.  The  animal  consists  of 
aieniral  body  or  "disc,"  which  gives  off  radiating  processes 
or  '^arms/'  but  the  size  of  the  disc  is  very  different  in  different 
species,  and  the  arms  vary  greatly  in  length  and  in  number. 

imany  living  and  extinct  forms  the  **disc"  is  inconspicuous, 
i  appears  to  be  formed  simply  by  the  junction  of  the  bases 
pke  arms,  which  in  this  case  are  normally  five  in  number. 
%  living   Urasters  and  Crtbells^ 
i  the  extinct  Paiaasiers  (fig,  65), 
y  be  taken  as  examples  of  this 
te  of  parts.     In  other  forms,  as 
Id  the  Sun-stars  {So/astcr)  and  the 
orinct  Lrp'uiasters  and  P/u masters, 
tbc  disc  '\s  very  broad,  exceeding  or 
equalling  the  length  of  the  arms  in  its 
diameter;  whilst  the  rays  vary  in  num- 
ber, from  eight  or  ten  up  to  thirty 
or  more.       In    the    Cushion-stars 
{G^iaster  and  GoniiHiiscus),  again,  ^^f;  "'t^^^r'^^!"''"^"^' 
the  bo*ly  is  pentagonal,  disc-shaped, 

"MxA  flattened  on  the  two  sides,  and  the  arms  can  only  be 
ftcognised  by  the  ambulacral  grooves  on  the  lower  surface 
<%  W). 

On  the  upper  surface  of  tlic  body,  placed  nearly  in  the 
iCcatre  of  the  disc,  is  the  aperture  of  the  anus,  when  this  is 
I ;  but  the  genera  Astropecten,   Ctenodiscus^  and  Luidia 
destitute  of  a  vent.       Also  on  the  upper  surface  is  the 
nudreporiform  tubercle/'  in  the  form  of  a  spongy  or  striated 
disc  placed  at  the  angle  of  junction  of  tivo  rays.     It  has  the 
fuDctioa  as  in  the  Ecliinuids,  serving  to  protect  the 
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eiitmtice  to  the  water-vascular  system.  Ordinarily  there 
single  madreporiform  tubercle,  but  in  some  genera  there  are 
two,  three,  or  more  tubercles  j  and  there  seems  in  some  cases 
to  be  a  correspondence  Ijetween  the  number  of  the  arms  and 
the  number  of  madreporic  plates. 

Placed  in  the  centre  of  the  lower  surface  is  the  mouth,  at 
the  angles  of  which  are  the  so-called  "oral  plates"  (fig.  66). 
Radiating  from  the  mouth  are  a  series  of  furrows,  var)Tng  in 
number  with  the  arms,  and  termed  the  "ambulacral  grooves." 
Each  anibulacral  groove  is  continued  along  the  lower  surtice 
of  one  of  the  arms,  tapering  gradually  towards  the  extremin- 
of  the  latter.  The  floor  of  each  groove  is  constitute<i  by  i 
double  row  of  minute  calcareous  pieces  —  the  "amhulacral 
ossicles" — which  are  movably  articulated  to  one  another  at 
iheir  inner  ends.     At  the  bottom  of  each  groove  is  lodged  one 

of  the  radiating  canals  of  the 
water-vascular  system  or  am- 
bulacral  system,  from  which 
are  given  off  the  rows  of  suc- 
torial feet,  or  '"lube  feet" 
It  follows  from  this  that  the 
radiating  vessels  of  the  am- 
bulacral  system  are  cttfstdt 
the  chain  of  ambulacnd  os- 
sicles, so  that  these  latter 
are  to  be  regarded  as  an 
internal  skeleton,  and  they 
do  not  correspond  with  any 
part  of  the  skeleton  of  Ech»* 
noids  *  ■ —  at  least  they  do 
not  correspond  with  the  per 
forated  ambulacral  plates  of 
the  Sea-urchins.  The  am- 
bulacral ossicles,  however,  of  the  Star-fishes  are  of  such  a  fonn 
that  by  their  apposition  an  aperture  or  pore  is  formed  between 
each  pair.  By  means  of  these  pores  (fig.  66,  a)  the  tube-feet 
communicate  with  a  series  of  little  bladders  placed  ab<rtf  the 
chain  of  ossicles.  These  perforations,  however,  do  not  corre- 
spond with  the  perforated  plates  of  the  Echinoid  test,  and  the 
tube-feet  of  the  Star-fishes  pass  through  no  **  poriferous"  p; 
on  their  way  to  the  exterior. 

This  may  be  rendered  more  intelligible  by  examiniii] 

•  Tlie  stnicturcs  in  the  Echinus^  which  arc  truly  homologous  with 
ambulacral  ossicles  of  the  Asteroidm  and  Ophmroidia^  are  the  soKafln 
**  auricula. " 


Fig.  66.— Diagram  ofa  Si&r-fish (Cf»«iVw//^»'), 
Jinwtng  the  under  surf^ice,  wifh  ihc  moul}i 
uid  ambulacral  gronvc:<.  >r,  AmbuLicral  or- 
acle*, with  the  amlmliicrai  pores  between 
them.  h,  Adarabulacral  platen  Iraiinding 
the  ambuLbcnl  gTxwvci ;  m,  MaruinaJ  platcti 
■  wanting  lii.  n\;iiiy  ftjiccie*);  o.  Oral  plates, 
placed  at  the  angles  of  the  muuth. 
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section  of  the  arm  of  a  Star-fish  from  which  the  soft  parts  have 
been  removed  (fig.  67).  In  such  a  section  the  ambulacral 
ossicles  (r7,  a)  are  seen  in  the  centre  of  the  lower  surface, 
united  along  the  middle  line  by  their  inner  extremities.  They 
are  so  pbccd  as  to  form  a  kind  of  elongated  pent-house,  and 
immediately  beneath  the  line  where  the  ossicles  of  one  side 
are  articulated  with  those  of  the  other  side  is  placed  the 
ambulacral  vessel  (^).  Superficial  to  this,  again,  is  a  nerve- 
cord  ;  so  that  the  whole  chain  of  ambulacral  ossicles  is  placed 
in  the  midst  of  the  soft  parts  of  the  animal,  and  is  thus  clearly 
an  internal  skeleton.  At  their  outer  extremities  the  ambulacral 
ossicles  are  articulated  by  the  inter\'ention  of  the  '*  adambiilac- 
ral  plates  "  (fig.  66,  //),  with  plates  belonging  to  the  external 
or  integumentary  skeleton,  to  be  immediately  described-  As 
before  said,  the  shape  of  the  ambulacral  ossicles  is  such  that  a 


Fig.  67. — Sectinn  of  the  ray  of  Uraster  ruheni.  a,  a  AmbiiLicnil  OMiclu  :  h  Position 
of  the  ambuUcnl  veucl :  c.c  Flatca  of  the  cxlcnial  skeleton;  h  Ncrre-cofd.  The 
don«d  Linet  show  tlie  lube-fcec  procccdinc  Trom  the  ambulacral  veuuL 


pore  is  formed  by  the  apposition  of  each  pair;  and  by  these 
apertures  each  tube-foot  communicates  with  a  vesicle  placed 
internal  to  the  chain  of  ossicles.  It  will  be  seen,  however, 
Ihat  tlie  tube-feet  (indicated  by  the  dotted  lines  in  the  figure) 
do  not  pass  through  these  apertures,  or  ihrovigh  any  other 
pores  of  the  skeleton,  on  their  way  to  the  surface.  The 
"poriferous  zones"  of  the  Sea-urchins  arc  part  of  the  external 
skeleton,  and  are  not  represented  in  the  Star-fishes.  On  the 
other  hand,  the  integumentary  skeleton  in  the  Star-fishes  is 
^serif  along  the  ambulacral  areas,  or  along  the  areas  occupied 
by  the  ambulacral  ^ooves. 

Leaving  the  anibulacral  ossicles  or  internal  skeleton  of  the 
^steroidta^  we  come  now  to  the  integumentary  skeleton.  This 
consists  of  a  vast  number  of  small  calcareous  pieces,  or  "os- 
sicles," united  together  so  as  to  form  a  species  of  chain-armour. 
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The  ossicles  are  united  with  one  another  in  a  reticulated  man- 
ner, and  the  interspaces  between  them  are  filled  by  the  coria- 
ceous integument.  In  some  genera  there  is  a  single  or  double 
row  of  large  plates  round  the  borders  of  the  disc  and  arms 
(fig,  66,  m).  These  are  termed  the  *'  marginal  plates/*  The 
integument  in  the  Star-fishes  is  also  furnished  with  spines, 
tubercles,  and  granules  of  calcareous  matter.  The  spines 
vary  in  their  development  and  in  their  position  in  different 
Star-fishes  ;  but  there  is  commonly  a  row  of  spines  along  each 
side  of  each  of  the  ambulacral  grooves.  In  some  genera  (as 
in  So/asfer^  Luidia,  CtfnodiscitSy  &c.)  there  are  spines  the 
summits  of  which  carry  bunches  or  tufts  of  minute  calcareous 
processes.  These  are  termed  "  paxillas."  Justly,  in  Astcrotdia^ 
as  in  Echhwideay  there  are  the  modified  pincer-like  spines 
which  are  known  by  the  name  of  "  pedicellaria:." 

As  regards  their  geological  distribution,  the  Asteroidea  have 
a  long  vertical  range,  extending  from  the  Lower  Silurian  Rocks 
to  the  present  day.  In  Silurian  seas  Star-fishes  abounded, 
and  the  Upper  Silurian  Rocks  especiaUy  contain  their  remaini 
in  what  may  be  considered  as  plenty.  The  leading  Silurian 
genera  are  Palaaster^  StcpiasicTy  Palasierina,  PaU^ocoma  (Salter), 
Palaodisats^  and  PfirasUr.  Some  of  the  more  familiar  Silurian 
forms  are  figured  below  (fig.  08).     The  next  period  in  whici_ 


Fig.  68-— Siluriim  Sur-fiAhcs.     A,  Palas/erina  /ritH»va,  Upper  Silitriaa ;  B, 
nster  Kuikveni,    Upper  SiluriAii ;    C,   Fai^vivma  CaMtu,    Upper  Silurian,      i 

Salter.) 


Star-fishes  abound  is  the  Oolitic  or  Jurassic  (Mcsozoic),  thfi 
more  important  genera  being  UrasUr^  Luidia,  Astrojxitm^ 
Goniastcr,  All  the  Oolitic  species  are  extinct,  but  the  ge 
have  mostly  survived  to  the  present  day.  In  the  Cretan 
period,  also,  many  Star-fishes  occur,  the  genera  Oreast/r, 
niodiscas^  and  Steilaster  being  the  most  noticeable.  In 
Tertiary  Rocks  remains  of  Star-fishes  are  not  abundant,  but 
the  genera  Goniaster  and  Asiropectm  are  represented  in  ilw 
London  Clay  (Eocene). 
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No  thoroughly  satisfactory  classification  of  the  Asteroidea 
has  been  as  yet  proposed,  but  the  following  are  the  names  of 
the  more  important  fossil  genera,  with  their  range  in  time  : — 


Str9$aster. 

Palanster, 
Palasterina, 


Lower  Silurian. 


Trias. 

Jurassic  to  Recent. 


Lower  Silurian  to  Carboniferous. 

Upper  Silurian, 

Palaoccma  (Salter).  

PaitTodiscHs.       

Lepidasler, 
Pteurastrr, 

Soiaster. 

Astroganium, 

ConiasUr, 

AstropecUn. 

Luidia, 

Arihraster. 

Oreaster. 

Sttiiasttr. 

Gcniodiscus. 


Cretaceous. 


Cretaceous  to  Recent. 


Order  III. — OrmuRoiDK.\, 

The  OphiunyiiUii  are  often  groui>cd  with  the  Asteroidea^  and 
the  living  members   of  the   order  are  knowTi  commonly  as 
Brittle-stars  and  Sand-.stars.     They  are  distinguished  from  the 
true  Star-fishes  by  the  fact  that  the  ^^ disc"  contains  all  the 
internal  organs  of  the aninm! ;  the  '*  arms"  are  not  grooved  in- 
Jeriorly  for  the  emission  of  amhulacral  tubefeet;  and  the  mouth 
is  provided  toith  a  masticatory  apparatus.     The  Ophiuraids  are 
ver>'  conspicuously  star-shaped,  and  consist  of  a  central  "disc" 
and  a  series  of  radiating  "arms"  (fig.  69).     The  "disc"  is 
tnily  disc-shaped,  and  is  covered  with  graniiles,   spines,  or 
scales.     From  the  disc  proceed  the  arms,  ia  the  form  of  long 
and  slender  processes^  whi<:h  may  be  simple  or  branched,  but 
which  differ  from  the  arms  of  Star-ftshes  in  not  containing  any 
prolongations  from  the  stomach,  and  in   never  having  their 
under  surfaces  furrowed  by  ambulacral  grooves.      The  arms, 
in  fact,  are  special  processes  superatided  for  the  purposes  of 
prehension  and  locomotion,  and  rendered  necessary  by  the 
fact  that  the  ambulacra!  system  takes  no  part  in  the  function 
of  locomotion,  as  it  does  in  the  Star-fishes.     A  madreporiform 
tubercle,  however,  is  present,  and   is  placed  on  the  inferior 
surface  of  the  body,  being  commonly  concealed  by  one  of  the 
plates  surroimding  the  mouth.      The  mouth,  as  in  the  Star- 
fishes, is  placed  in  the  centre  of  the  lower  surface  of  the  disc  ; 
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but  the  stomach  terminates  blindly ;  and  there  is,  therefore, 
anal  aperture. 

Each  arm  is  furnished  with  an  internal  and  an  extemai 
skeleton.  The  internal  skeleton  consists,  as  in  the  star-fishes, 
of"  a  chain  of  "  ambulacral  ossicles,"  placed  along  the  centre 
of  the  arm.  The  ossicles  are,  however,  now  amalgamated  in 
pairs,  each  coalescing  with  its  fellow  on  the  opposite  side;  so 
that  in  place  of  a  double  row  of  mov-^ably  articulated  ossiclt 
we  have  a  single  row  of  bilaterally  symmetrical  pieces. 

'ft 


Fig.  69.— Recent  Ophltiroids.     a  OpMinm  textnrata,  ihe  oomtnon  Sud-sor; 
h  0/Jiu>coMa  n*gU<ia,  tliff  p^y  Brittle^atar  {after  Forbes). 

The  external  skeleton  of  the  arms  is  composed  of  four 
of  plates,  one  on  the  dorsal  surface,  one  on  the  ventral,  aad 
one  on  each  lateral  surface.  The  lateral  plates  generally 
more  less  developed  spines.  In  the  extinct  genus  Pn 
it  is  said  that  the  plates  of  the  ventral  row  are  double  , 
PtUonaster  is  stated  to  possess  four  ventral  rows  of  plates 
The  disc,  as  before  said,  has  a  well-developed  extemai  skeletoi 
of  scales,  granules,  and  spines;  but  there  are  never  anyo 
those  modified  spines  which  are  known  as  ''pedicellariae,' 
which  occur  in  tbe  Asteroids  and  Echinoids. 
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As  regards  their  distribution  in  lime,  the  Ophiuroidea  are 
represented  for  the  first  time  in  the  Upper  Silurian  Rocks  by 
the  genus  Protastcr  (fig.  70),  unless   Ta/iiaster  be  rightly  re- 


Fljj.  fty-^Prvtaitfr  SeJ^it'itJfii-     Upper  Silurian.     A,  Disc  anrl  bases  of  the  vmi, 
tnagnifietl.     I),  Portiun  of  an  artu  gre;itly  colarj^ed. 

'ferred  here,  in  which  case  the  order  begins  in  the  Lower 
Silurian.  No  other  Pala;o/oic  genera  have  been  satisfactorily 
knade  out.  In  the  Muschelkalk,  the  middle  member  of  the 
Tria-s,  we  have  a  well-marked  species,  the  Aspidura  loricaia  of 
Croldfuss  (fig.  71).     In  the  Oolitic,  Cretaceous,  and  Tertiary 


Rocks,  Ophiuroids  are  by  no  means  uncommon,,  and  they  be- 
long for  the  most  part  to  genera  which  exist  at  the  present  day. 
Great  uncertainty  prevails  as  to  the  generic  characters  of  diese 
animals ;  but  ihe  Mesozoic  forms  are  for  the  most  part  gene- 
rally referred  to  the  genera  OphioUpis^  Ophiodirma,  Ophiocoma^ 
Amphiura^  and  Acroura. 


^ 
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CHAPTER  XIL 

CRINOIDEA,  CVSTOIDEA,  AND  BLASTOIDEA, 
Order  IV. — Crinoidea. 


The  Crinotds  or  Sea-lilies  are  Echinodermata  in  which  iht 

is  Jix4:dy  during  t/u  whoU  or 
a  portion  of  the  exist^na  of 
the  anima/,  to  the  sea-bottom 
by  means  of  a  ionger  or  shortir 
jointed  or  flexible  stalk.  Tkt 
body  is  provided  ivUh  sofd 
arms  which  arc  primarily 
five  to  ten  in  number^  art 
indepaident  of  the  visceral 
cavity^  and  are  grooved  owf 
their  upper  surface.  The 
arms  are  furnished  with  lat- 
eral processes  or  ^^ pinnula* 
and  the  reproductive  organs 
are  lodged  baieath  t/ie  irU^ 
ment  on  the  ventral  surfacti 
t/iese,  and  are  not  placed 
the  body-cavity. 

If  we  take  such  a  In 
Crinoid  as  Rhizocrinus 
72),  we  shall  be  able  toi 
rive  at  a  comprehension 
the  leading  characters  of  this 
order.  Mkizocrinus  is  one 
of  those  Crinoids  which  is 
permanently  rooted  to  some 
foreign  object  by  the  base 
of  a  stalk  which  is  composed 
of  a  number  of  calcareous 
pieces  or  articulations, 
some  cases  (as  in  Apiocti^ 
fig.  81),  the  base  of  the  sicm 
or  "  column  "  is  consider- 
ably expanded.  In  crthct 
cases  the  column  is  sini] 
"  rooted  by  a  whorl  of 
minal  cirri  in  soft  mud  "  (Wyville  Thomson).  The  joints 
the  column  are  movably  articulated  to  one  another,  the  joini 


Fig.  71. — Crinoidea:  RhiwcrtHus  Lc/oten- 
sis,  a  living  Crinoid  (after  Wj^illc  'I'homson), 
four  uiiiea  the  natural  size-  a  Stem  ;  6  Calyx  ; 
e  c  Arna. 


CRINOIDEA. 


surfaces  often  having  a  very  elaborate  structure,  so  ihat  the 
entire  stem  possesses  in  the  living  slate  a  greater  or  less 
amount  of  flexibility.  Each  joint  is  perforated  centrally  by  a 
canal,  whicli  is,  very  ina|ipropriately,  termed  (he  *'  alimentary 
canal,"  but  which  in  truth  has  nothing  to  do  with  the  digestive 
system  of  the  animal.  At  the  summit  of  the  stem  is  placed 
the  body,  which  is  termed  the  *'  calyx,"  and  which  is  usually 
raore  or  less  cup-shaped,  pyriform,  bursifonn,  or  discoidal. 
The  calyx  exhibits  tAvo  surfaces,  a  dorsal  and  a  ventral,  of 
which  the  dorsal  is  composed  of  calcareous  plates  articulated 
by  their  margins,  whilst  the  former  is  composed  of  a  more  or 
less  leather)*  integument  strengthened  by  the  deposition  in  it 
of  numerous  small  plates  of  carbonate  of  lime.  The  ventral 
surface  exhibits  the  aperture  of  the  mouth,  which  may  be  sub- 
central  or  may  be  very  excentric,  and  which  in  many  extinct 
forms  is  wholly  concealed  from  view.  The  ventral  surface  also 
exhibits  the  aperture  of  the  anus,  which  is  usually  placed  ex- 
centrically  in  one  of  the  sfjaces  between  the  arms,  and  which 
is  generally,  if  n-t  universally,  carried  at  the  end  of  a  longer 
or  shorter  tubular  eminence  or  process,  which  is  called  the 
"  proboscis."  Owing  to  the  animal  being  supported  on  a  stalk, 
it  is  evident  that  the  **  ventral  "  surface  is  turned  upwards,  and 
the  '*  dorsal  "  surface  downwards.  The  column  springs  from 
the  centre  of  the  dorsal  surface ;  and  a  stalked  Crinoid  may, 
therefore,  be  compared  to  a  Star-fish  turned  upside  down,  with 
its  lower  or  anibulacral  surface  superior,  and  its  dorsal  surface 
looking  downwards.  The  calyx  contains  the  digestive  canal 
and  the  central  portions  of  the  nervous  and  water-vascular 
(ambulacral)  systems ;  but  it  does  not  contain  the  reproduc- 
tive organs,  as  is  the  case  wiili  the  visceral  cavity  of  the  other 
Echinoderms. 

From  the  margins  of  the  calyx,  where  the  dorsal  and  ventral 
surfaces  join  one  another,  arises  a  series  of  longer  or  shorter 
flexible  processes,  which  are  composed  of  a  great  number  of 
small  calcareous  articulations,  and  which  are  termed  the  *'arms" 
(fig.  73).  The  arms  are  usually  primarily  five  in  numberj  but 
they  generally  divide  almost  immediately  into  two  branches, 
each  of  which  may  again  subdivide ;  the  branches  thus  pro- 
duced perhaps  again  dividing,  until  a  cro^\Ti  of  delicate  graceful 
61aments  is  formed.  The  arms  carry  smaller  lateral  branches 
or  "  pinnulse^'  on  both  sides  ;  and  they  are  not  hollow  like  the 
arms  of  the  Star-fishes,  nor  do  they  contain  any  prolongations 
of  the  stomach.  The  upper  surface  of  the  arms  and  pinnulai 
is  covered  with  a  soft  membrane,  and  below  this  are  placed 
the  reproductive  organs.     The  generative  organs  are,  there- 
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fore,  not  placed  within  the  calyx,  and  it  follows  of  necessity 
that  there  is  no  generative  opening  or  **ou- 
rian  aperture"  in  the  walls  of  the  calyx. 
The  ventral  surfaces  of  the  arms  and  pin- 
nula:;  are  furnished  with  grooves,  which 
in  the  living  species  are  seen  to  be  co- 
vered with  vibratile  cilia.  The  brachial 
grooves  coalesce  till  they  constitute  fire 
primary  grooves,  which  are  continued  from 
the  bases  of  the  arras  to  the  mouth.  The 
action  of  the  cilia  gives  rise  to  a  constant 
current  of  sea-water,  bearing  organic  nut- 
ter in  solution;  and  this  current  proteeds 
from  the  brachial  grooves  to  the  mouth. 
In  this  way  the  animal  ol>tains  its  food 
As  the  bases  of  the  amis  are  separatcil 
from  the  mouth  by  an  inter\'ening  space* 
it  follows  that  the   brachial  grooves  iW 


Fiff.  T^—PUiiycrima  trieoHtadneiytus,      Ou-boniferoiu.    The  left-hand 
the  calyx,  antu,  anil  upper  part  uf  the  ^tem,  atid  the  figure  next  thU  thowi 
of  one  of  the  jninLt  nf  the  cotiiinn.       The   nght-hAnd  figure  »howi  the  pTDWaCttj] 
above  is  a  nusnihcd  fi](urc  ofpart  of  one  ann  with  \w  pinnule. 

continued  over  tlie  ventral  surface  of  the  calyx,  till  they 
the  oral  opening. 
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There  is  no  doubt  that  it  is  by  the  above  arrangement  that 
the  living  Crinoids  obtain  their  food,  and  the  mechanism  seems 
to  have  been  essentially  the  same  in  many  extinct  species.  In 
the  Pal^Eozoic  Crinoids,  however,  there  seems  to  have  been  a 
modification  of  this  armngement.  In  these  forms,  as  in  Adino- 
crinus  (fig.  75),  the  arms  have  much  the  structure  of  those  of  the 
recent  Crinoids,  and  are  dec|jly  grooved  on  tlieirventfal  surfaces. 
The  ventral  surface  of  the  calyx,  however,  exhibits  no  central 
aperture,  but  only  a  proboscidiform  tube,  which  arises  from  one 
of  the  inter-raclial  spaces  (re,  one  of  the  intervals  between  two 
of  the  arms).  This  tube  is  often  of  great  length,  and  a  good 
deal  of  controversy  has  taken  place  as  to  its  nature.  Without 
entering  into  the  conflicting  views  upon  this  subject,  it  may  be 
stated  that  the  preponderance  of  authority  is  in  favour  of  the 
view  that  this  "  proboscis"  is  an  anal  tube,  having  the  vent  at 


ri|t.  74.— Calyx  of 
^eiim^nnttx  rotunjus. 


Fig.  7j[.— Calyx  of 
ActiuocrtHMz  KantHtki. 


Fig.  76.  —Calyx  at  A. 
VfruruiUanux.  The 
arms  arc  wanting, 
•nd  the  aperturcii  at 
their  Uius  are  seen. 


its  extremity.  Good  observers,  however,  regard  it  as  discharg- 
ing the  functions  of  both  the  mouth  and  the  anus.  Be  this  as 
it  may,  the  grooves  on  the  ventral  surfaces  of  the  arms  are 
certainly  not  continued  over  the  ventral  surface  of  the  calyx, 
but,  on  the  contrary,  stop  short  at  the  bases  of  the  arms.  Their 
further  course  was  long  a  myster)'';  but  it  is  now  known  that 
they  are  continued  below  the  ventral  surface  of  the  calyx  as  a 
series  of  covered  passages  or  tunnels,  the  external  apertures  of 
which  are  placed  at  the  points  where  the  arms  spring  from  the 
disc  {see  figs.  74.-76).  These  covered  channels  are  either 
simply  roofed  over  by  the  calc-areous  integument  of  the  calyx, 
or  are  rarely  excavated  in  its  walls;  and  they  converge  to  a 
central  point  in  the  middle  of  the  ventral  surface  of  the  disc. 
Here,  it  is  believed,  is  placed  the  mouth,  concealed  by  the 
calcareous  plates  of  the  pcrisome.  From  the  known  function 
of  the  brachial  grooves  in  the  living  Crinoids,  this  view  would 
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seem  to  be  the  most  probable  one  j  but,  as  before  remarked, 
good  authorities  regard  the  excentric  "proboscis"  as  the 
mouth. 

In  another  group  of  Crinoids^  represented  by  the  living 
Feather-stars  (Comaiu^a)  and  the  extinct  Sa^cosoma  (f\g,  y. 


ig-  77 


the  animal  is  only  sialkul  when  young,  and  in  its  adult  con- 
dition leads  a  free  life.      The  young  form  in  the  members 
this  group  is  supported  upon  a  jointed  calcareous  column, 
which  it  is  fixed  to  some  foreign  object ;  and  at  this  stage  it 
no  respect  differs  from  the  ordinary  stalked  Crinoids. 


CRINOIDEA. 


123 


tertain  period  of  its  existence,  however,  the  calyx  drops  off  its 
column,  and  becomes  a  locomotive  animal.  It  now  has  a 
Bear  resemblance  to  one  of  tlie  Brittle-stars  (Op/iiuroiiiea)  j 
bat  is  disringuished,  not  only  by  its  developmental  history, 
but  by  the  possession  of  lateral  pinnae  to  the  arms,  and  in 
baving  the  reproductive  organs  situated  external  to  the  body 
proper.  In  the  Feather-stars  { G?///(?////<i  or  Attfedon)  the  dorsal 
Surface  of  the  jdisc,  at  the  point  where  the  column  was  origi- 
oally  inserted,  carries  a  series  of  jointed  filaments  or  **  cirri," 
^y  which  the  animal  can  moor  itself  to  any  foreign  object. 
These  may  be  regarded  as  homologous  with  the  "side-arms" 
ii  the  column  of  certain  Crinoids.  When  the  animal  is  thus 
emporarily  moored  by  its  dorsal  cirri,  it  is  placed  in  the 
ordinary  position  held  by  the  Crinoids  —  namely,  with  the 
Qouth  and  ventral  surface  of  the  disc  looking  tijiwards.  When 
leeping  about,  on  the  other  hand,  by  means  of  the  long  and 
[exible  amis,  the  animal  occupies  the  position  held  by  the 
Itar-fishes  and  Ophiuroids — namely,  with  the  mouth  and  ven- 
ral  surface  of  the  disc  directed  downwards,  or  towards  the 
[round. 

Having  now  given  a  general  account  of  the  structure  of  the 
Crinoids,  it  remains  to  consider  some  of  their  parts  in  ^r^ater 
letail.  In  the  first  place,  as  regards  the  "  column,"  we  find 
hat  the  stem  of  attachment  is  composed  of  a  great  number  of 
«parate  plates  or  "articulations''  placed  one  above  the  other, 
md  so  jointed  to  one  another  that  whilst  the  amount  of  move- 
nent  between  any  two  pieces  must  be  very  limited,  the  entire 
x>lumn  acquires  more  or  less  flexibility.  The  column  is  per- 
orated by  a  round  or  five-sided  canal  which  pierces  every 
oint,  and  runs  along  the  entire  length  of  the  stem.  In  the 
Palxozoic  Crinoids,  with  few  exceptions,  the  column  was 
X)und  J  but  in  Piatycrinus  it  is  oval  or  elliptical  (fig.  73).  In 
£he  genera  Peniacrinus  (fig.  78)  and  Extracrinus  the  column  is 
pentagonal  in  outline  ;  but  much  less  markedly  so  in  the 
SOrroer  than  in  the  latter  genus.  The  joints  articulate  with 
one  another  by  surfaces  or  facets  which  are  differently  marked 
In  different  cases.  In  the  Paleozoic  forms,  as  in  Plaiycrintts 
[fig.  73),  the  articulating  facets  are  marked  by  more  or  less 
numerous  striae  which  radiate  from  near  the  centre  of  the  joint 
In  most  of  the  Mesozoic  genera,  on  the  other  hand,  as  in 
Peniacrinus  (fig.  78),  the  articulating  facets  are  united  by 
CTcnatcd  ridges  arranged  in  a  pentapctalous  figure.  In  many 
cases,  as  in  Extracrinus  and  Peniacrinus^  the  column  is  fur- 
pished  with  more  or  less  numerous  "auxiliary"  arms,  or  "side- 
arms,"  the  function  of  which  is  not  altogether  clear. 
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is  a  series  of  plates  which  are  termed  "  basal "  from  their 
position,  and  which  constitute  the  "pehns"  of  Miller.  I'he 
"basals"  may  be  five,  four,  or  sometimes  three  in  number, 
and  they  form  the  lowest  portion  of  the  cup.  In  some  cases 
the  "  basals"  are  succeeded  by  a  second  row  or  cycle  of  plates» 
vvrhich  should  properly  be  regarded,  with  Professor  Beyrich,  as 
a  second  series  of  basals,  but  which  are  sometimes  regarded 
as  something  special,  and  are  termed  the  "parabasals"  or 
**  sub-radials."     The  basals  (fig.  79,  b)  are  succeeded  by  a 


\ 


Flf.  70.— Diacnun  to  show  th«  xtructure  of  the  calyx  in  the  TomII  CrtnoiiU  ;  b  BuaU; 
JUdiau;  i  Inicr-nululf ;  a  Anal  pUtes.      Calyx  of  For6etuKrimuM.     (Alter  Picwt.) 


*«eries  of  two  or  three  rows  of  plates,  which  are  directly  super- 
imposed upon  one  another,  and  which  form  the  foundations  of 
the  arms  (r,  r).  These  are  termed  the  "  radials"  (tfie  '^  cos- 
tae"  of  Miller),  and  are  termed  '^  primary/"  *•  secondar}',"  and 
••  tertiar)',"  according  to  their  distance  from  the  basals.  The 
last  radial  plates,  or  those  furthest  from  the  column  (some- 
limes  called  the  "  axillary  radials  "),  give  origin  to  the  arms. 
The  radial  plates  are  arranged  in  a  series  of  vertical  columns, 
•which  extend  from  the  summit  of  the  basals  to  the  bases  of 
the  arms,  Between  the  different  columns  of  radial  plates, 
liowevcr,  are  intercalated  ctrtain  other  smaller  plates,  which 
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alternate  with  one  another,  and  which  are  termed  "inter- 
radials"  (/).  Lastly,  one  of  the  interradial  spaces,  correspond- 
ing with  the  anus,  is  usually  much  wider  than  the  others,  and 
is  furnished  with  an  additional  series  of  plates,  which  are  called 
the  "anal  plates"  (a). 

As  regards  their  general  distribution  in  time,  the  CrinciM 
present  us  with  an  excellent  example  of  a  group  which  eariy 
attained  its  maximum  of  development,  and  which  has  now 
dwindled  down  to  some  half-dozen  surviving  species.  With 
one  or  two  doubtful  exceptions,  the  Crinoids  appear,  so  far  as 
yet  Icnown,  to  have  commenced  their  existence  in  the  Lower 
Silurian  period,  and  tliey  are  represented  by  numerous  and 
very  varied  forms  in  the  seas  of  the  Upper  Silurian  period 
Amongst  the  commoner  Silurian  genera  may  be  mentioned  Cm- 
tahcriuus^  Glyptocrimts^  Idithyacritms^  PerUckocrinus^  Rkodd- 
crinus^  Poieriocrinus^  and  Taxocrinus.  In  the  Devonian  Rocks, 
also,  Crinoids  arc  plentiful,  and  the  genera  CupressocHnus^  Hap- 
locrinus^  and  Meiocrinus^  may  be  mentioned  as  peculiar  to  lUis 
period.  It  is  in  the  earlier  portion,  however,  of  the  Carbonifer- 
ous period  that  the  Crinoids  attain  their  highest  development 
The  Carboniferous  Limestone  is  in  many  places,  over  wide 
areas,  and  for  a  thickness  of  many  yards,  almost  entirely  made 
up  of  the  debris  of  Crinoids;  and  in  many  places  it  is  so 
charged  with  the  remains  of  these  organisms  as  to  desen'c  and 
acquire  the  name  of  "  crinoidal  limestone  '*  or  "  em 
marble."  Amongst  the  commoner  Carboniferous  genera 
be  mentioned  Cyathacrinus^  Actinocrinus  (fig.  74),  Plafyi 
(fig.  73),  Poteriocrinus^  and  Taxocrinus.  It  is  in  the  P; 
period,  then,  that  the  Crinoids  attain  their  njaximum, 
numerically  and  as  regards  the  number  of  genera  and  s] 
Taken  as  a  whole,  the  Palaeozoic  Crinoids  are  distingu 
by  the  characters  already  mentioned  ;  namely,  by  having  ibe 
brachial  grooves  conveyed  to  the  mouth  in  concealed  channels 
or  tunnels,  in  having  mostly  a  rounded  column,  and  in  ibe 
fact  that  the  articular  facets  of  the  column-joints  usually  .irt 
marked  by  numerous  simple  radiating  stride.  As  a  rule,  also, 
the  Palxocrinoids  have  a  calyx,  in  which  the  dorsal  surface  has 
a  preponderating  development  as  compared  with  the  v( 
surface. 

Coming  to  Mcsozoic  times,  Crinoids  are  still  abum 
though  certainly  reduced  in  numbers  as  compared  with 
development  in  the  Paleozoic  period.  Taken  as  a  whole, 
Mesozoic  Crinoids  are  characterised  by  having  the  bro 
grooves  conrinued  over  the  ventral  surface  of  the  disc,  am 
having  the  ventral  portion  of  the  calyx  more  extensively, 
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ijan  the  dorsal ;  whilst  the  articular  surfaces  of  the 
)ints  are  usually  morticed  to  one  another  by  means  of 
ridges  which  have  a  flower-like  arrangement.  Neither 
atter  characters,  however,  is  constant  In  the  Meso- 
ks,  also,  appear  for  the  first  time  remains  of  the 
Hds  allied  to  the  living  Comatuhe,  The  genus  Saao- 
77)  is  exclusively  Oolitic,  and  apjiears  to  form  in 
)ects  a  connecting  link  between  the  true  Crinoids  and 
uroidca.  In  the  Chalk  the  genus  Comatula  seems  to 
iented  \  and  the  Cretaceous  genus  MarsupiUs  (the 
c  Encrinite")  presents  us  with  a  form  which  is  inter- 
letween  the  fixed  Crinoids  and  the  forms  which  lead 
stence  when  adult. 
stalked  Crinoids  of  the  Mesozoic 
he  genera  Ena-inuSy  PentiurinuSy 
ftdSf  and  Apiocrhtiis  are  especially 
c.  In  the  genus  Encrinus  (fig. 
arras  axe  composed  of  a  double 
alternating  pieces,  and  carry  pin- 

their  inner  surfaces.  The  joints 
olumn  arc  perforated  by  a  small 
Jimcntarycanal/'   The  best-known 

the  famous  Lily-encrinite  {E.  HHi- 
g.  80),  which  is  characteristic  of 
chelkalk,  the  middle  member  of 
• 

genus  Pentacr'wus  and  the  nearh- 
xtracrinusy  the  calyx  is  short  and 
d  of  few  plates  {five  basnls  and  five 

The  column  is  pentagonal,  with 
i  side-arms,  and  the  articulating 
Df  the  joints  are  marked  with  pen- 
,s  ridges.  The  arms  are  long, 
md  branched.  Amongst  the  best- 
pecies  are  the  Pentacrimis  Jasciat- 
the  Lias,  and  other  nearly  allied 
the  same  formation. 
Apiocrifiiiia  or  "  Pear-Encrinites'^ 

the  animal  was  fixed  to  some 
>bject  by  a  dilated  base,  and  the 
fas  long  and  composed  of  numer- 
6.  The  articulating  surfaces  of  the  column-joints  are 
rith  simple  ridges,  and  the  stem  is  rounded  and  not 
al.  The  last  joints  of  the  column  gradually  increase 
ter,  until  they  attain  a  size  equal  to  the  breadth  of  the 
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calyx  "Upon  the  last  of  these  developed  column-joints  rest 
the  basal  jilates  of  the  calyx  proper,  and  upon  the  margins  <A 
the  calyx  is  inserted  a  circle  of  bifid  and 
pinnate  arras.  Although  the  calyx  itself 
IS  of  large  size,  the  internal  cavity  or  vis- 
ceral chamber,  in  which  the  soft  parts  of 
the  animal  were  contained,  is  comparatively 
very  small.  The  best-known  species  of 
Apmrimts  are  the  A.  rotundus  of  the 
Great  Oolite  and  the  A,  Jioissyoftus  (fig. 
8i)  of  the  Coral  Rag. 

In  the  Cretaceous  period  the  Aptocrin. 
are  represented  by  the  genus  Bourg. 
crinus^  and  the  living  genus  Rhiwcrti 
{fig.  72)  would  appear  also  to  be  a  reprfr 
sentative  of  this  family.  The  free  Crinoids 
are  pretty  well  represented  also  in  the 
Cretaceous  period,  the  White  Chalk  hanng 
yielded  the  discs  of  Cotnaiuice^  along  »*iifa 
the  singular  *'  Tortoise-encriuite  "  {Marsu- 
pites)^  which  would  seem  to  connect  the 
stalked  Crinoids  with  the  free  forms. 

In  the  Tertiary  period  the  Crinoids  are 
reduced,  so  far  as  is  certainly  known,  to 
the  single  genus  Ftntacrintis^  which  is  re^ 
presented  at  the  present  day  by  the  living 
Peritacrimts  Capnt-Mcdusa  of  the  An 
The  best -known  species  is  the  P. 
basaHiformis  of  the  Eocene. 

A  good  classification  of  the  Cricoids 
still  a  desideratum.  Commonly  they 
been  divided  into  t^vo  groups  termed 
spectively  Artkulaia  and  Ttsse/atay  ad 
ing  as  the  radial  plates  of  the  calyx 
freely  articulated  to  one  another,  or 
immovably  joined  together  \\-ithout  a; 
lation.  This  arrangement  is  a  (as 
satisfactory  one ;  but  if  accepted,  we  shi 
have  all  the  Mesozoic  and  Kaino; 
Crinoids  (except  MarsupiUs)  in  the 
sion  of  the  Crinoidm  artictdata.  On 
other  hand,  the  division  of  the  Crin0\ 
iesselaUi  would  correspond  with  the  P 
Crinoids,  comprising  all  the  species  kno» 
from  the  Palp^ozoic  formations. 
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The  division  of  the  Crinoidea  into  stalked  and  free  forms  is 
in  many  respects  inapplicable  as  a  basis  of  zoological  classifi- 
cation. There  can,  liowever,  be  no  doubt  but  that  the  free 
Crinoids  are  structurally  an  advance  upon  the  fixed  forms.  It 
is,  therefore,  of  interest  to  note  that  the  stalked  Crinoids  had 
attained  iheir  maximum  in  the  PaLTozoic  Rocks^  and  had  even 
commenced  to  decline  before  the  free  Crinoids  first  made  their 
appearance  in  the  Mesozoic  Series. 

Order  V. — Cystoidea. 

The   Cystoidea  are  Echinodcrmaia  in  which  the  body  was 

Oichseii  in  a  series  of  calcareous  plates  accurately  articuiatai  by 

i/uir  edgesy  and  7i>as  fixed  to  the  sea  bottom  by  a  longer  or  shorter 

ffexible  jointed  stalk.     There  were  rarely  true  arm  Sy  and  if  present, 

these  structures  are  much  less  developed  than  in  the  true  Crinoids. 


Kis-  %%.^Uemicnmitts  ^yrifi>rmi%,  x\\\e  of  the  Cyiitideaiiv.     The  nght-hand  fiipire 
shovrs  the  upper  surface  of  the  calyx. 

In  general  form  the  Cystideans  are  globular,  oval,  pear- 
shaped,  conical,  or  sub-cylindrical^  and  they  resemble  the 
Crinoids  in  consisting  of  a  stem  or  "  culumn  "  and  a  body  or 
**caJy3C-**  The  column  is  composed  of  a  succession  of  cal- 
careous joints,  and  in  no  respect  differs  from  the  column  of 
ihe  Crinoids.  In  Lepadocrintts  (fig.  83,  D),  however,  it  is 
■doubtful  if  the  column  was  affixed  to  any  foreign  body,  for  Its 
lower  extremity  is  composed  of  a  single,  long,  spindle-shaped 
piece.  The  stalk  also  is  asserted  to  be  absent  altogether  in 
Sphesroniies pomum  and  in  the  genus  Agelacrinites.  'Ihe  caJyx 
consists  of  a  number  of  polygonal  calcareous  plates  accurately 
fitted  together,  and  enclosing  all  the  viscera  of  the  animal. 
Sometimes  the  plates  are  indefinite  in  number  and  arrange- 
ment; but  in  other  cases  the  number  of  plates  is  limited,  and 
they  arc  arranged  according  to  a  definite  plan.     In  other  cases 
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the  number  and  arrangement  of  the  plates  niay  be  defixute  on 
one  side  of  the  ailyx  and  indehnite  on  the  other. 

As  regards  the  structure  of  the  arms  of  the  Cystidcana, 
there  is  a  gootl  deal  of  diversity.  In  some  forms  there  were 
no  true  amis,  comparable  with  the  arms  of  the  Crinoids;  Init 
there  were  small  jointed  processes,  which  were  attached  to  ihe 
calyx,  and  which  represent  the  "  pinnulae  "  or  lateral  brancha 
of  the  arms  of  the  Crinoids.  In  some  cases,  grooves — cor- 
responding with  the  brachial  grooves  of  the  Crinoids— irc 
seen  to  extend  from  the  point  of  attachment  of  each  pinni 


Tig.  8^.— Cyntideans.      A,  Caryacn'Mmi  m-Hatmt ;   a.  Column;    ft.  Calyx!  A 
where  iiinnuuc  were  attached;   ^,  Valvular  pynucHl.      B,    P/eurocjfititea  JifiNii 
(donol  side) ;  /,  /,  Two  of  the  pectinated  rhomb*.      C,  PtetuiachHttt  ^asdatu. 
L*pnda{nHHS  Gfbkardi. 

to  the  summit  of  the  calyx.     In  other  cases,  as  in  Apiocyst'^ 

and  CiiJiocys/iUs,  arms  were  i)resent,  but  they  were  beat  back- 
wards and  immovably  soldered  down  to  the  surface  of  the 
calyx.  The  arms  spring  in  these  cases  from  the  apex  of  the 
calyx,  and  arc  anchylosed  by  their  dorsal  surfaces  to  the  body. 
On  their  ventral  surfaces  the  arms  are  grooved  by  furrows 
which  clearly  correspond  with  the  brachial  grooves  of  the 
Crinoids,  and  on  each  side  of  these  grooves  is  a  row  of  plo- 
nul:E.  In  one  or  two  cases  there  is  only  a  single  row  of  pitfc- 
nules,  and  the  arm  seems  to  have  been  fastened  to  the  cil] 
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e  of  the  lateral  surfaces,  instead  of  by  the  dorsal  surface. 
In  one  Cptidcan  only  (viz.,  ComarocystiUs  punctatus,  Billings) 
Art  there  free  arms  as  in  the  tnie  Crinoids;  but  further  re- 
noichcs  will  doubtless  show  that  these  appendages  existed  in 
other  species  as  well.      In  Comarocysiiies^  however,  the  arms 
differ  from  those  of  the  Crinoids  in  being  only  four  in  number, 
^Dot  subdividing  (though  they  carry  lateral  pinnae),  and  in 
^Bbg  directly  from  the  summit  of  the  calyx. 
^■Upon  the  upper  surface  of  the  calyx  in  the  Cystideans  are 
^Bvor  sometimes  three,  apertures,  the  functions  and  nature 
^  which  have  given  rise  to  considerable  controversy.     The 
best  knott-n  of  these  is  a  large  opening  which  is  pierced  in  one 
side  of  the  calyx,  usually  near  the  middle  of  the  bpdy,  but 
sometimes  approximated  to  either  the  apex  or  the  base.     This 
aperture  is  mostly  defended  by  a  ''valvular  pyramid;"  or,  in 
other  words,  by  a  series  o^  small  plates,  arranged  in  a  pjxa- 
midal  manner,  and  sening  for  the  closure  of  the  opening. 
Much  difference  of  opinion  has  prevailed  as  to  the  true  nature 
of  this  orifice.     Von   Huch  believed  that  it  was  an   "  ovarian 
aperture  ; "  Mr  Billings  regards  it  as  discharging  the  functions 
yf  both  the  mouth  and  anus ;  whilst  Professor  Wyville  Thom- 
son, Mr  Salter,  and  other  high  authorities,  regard  it  as  being 
the  Anus,  and  as  corresponding  with  the  proboscis  of  the 
Crinoids.     That  it  is  not  an   '*  ovarian  orifice"  may  be  re- 
'  pnled   as   certain,  so  that  the  question  is  narrowed  to  its 
(>eing  the  anus  alone,  or  an  **  oro-anal"  orifice.     In  the  living 
t^ikid  miradi/is,  one  of  the  Sea-urchins,  both  the  mouth  and 
Vent  are  closed  by  converging  triangular  valves,  which  doubt- 
Is  correspond  with  the  "  pyramid  "  of  the  Cystideans.     This 
^Bct  form,  however,  is  not  sufficient  to  decide  the  present 
^LUion,  since  in  it  both  the  mouth  and  the  anus  exhibit  this 
vilvular  .apparatus.     Upon  the  whole,  therefore,  this  question 
Bust  be  regarded  as  undecided,  though  the  analogies  of  recent 
ibn&s  would  lead  to  the  belief  that  the  "  p>Tamid  "  of  the 
Cystideans  is  truly  the  anus,  and  that  the  mouth  must  be 
•QU^ht  for  between  the  bases  of  the  arms,  when  these  are 
Jftscot 

A  second  aperture  is  placed  near  the  centre  of  the  summit 
tf  dM:  calyx,  between  the  bases  of  the  arms,  when  these  exist. 
Hm  opening  has  not  been  universally  detected,  and  its  true 
e  is  doubtful.  By  Mr  Billings  it  is  believed  to  be  what 
It  terms  an  ''arabulacral  orifice;"  j.^.,  an  aperture  by  which 
Ac  JDnbuUcral  vessels  passed  from  the  interior  of  the  shell  to 
ihe  exterior.  The  analogies  of  recent  forms,  however,  would 
Report  ihc  view  that  this  aperture  is  the  mouth,  in  which  case 
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the  "  pyramid"  must  be  the  anus.  There  is,  however,  tn  some 
cases  a  third  aperture  of  stnall  size,  always  placed  near  ihc 
apex,  and  this  has  been  regarded  as  being  truly  the  anus. 

Many  Cystideans  were  further  i)rovided  with  a  sysicniB 
minute  pores  or  fissures,  penetrating  the  plates  of  the  ra^^ 
and  usually  arranged  in  definite  groups.  These  groups  are 
termed  '*  pectinated  rhombs  "  (fig.  84),  and  their  exact  func- 
tion is  doubtful.  I3y  Messrs  Billings  and  Rose,  however,  ihey 
are  believe<],  apparently  with  good  reason,  to  have  admitted 
water  to  the  body-cavity,  and  to  have  lliereby  subserved  4, 
respiratory  function. 


Vis.  Sa.^A,  Pectinated  r)i>:taib  of  C/yfit>>cytftUs  Multi/orHa  (Billings]. 
rtiomboi  PfrnnKystiUfiWWWxxfii].    <:,T<M>i\AskitAoi CailocyttiUs  7<nwr//CBall), 
tag  tlifl  pectJiiAtcd  rhumb«  (/).     AU  euUrged. 


As  regards  the  distribution  of  the  Cystideans  in  lime,  they 
are  not  only  wholly  extinct,  but  they  are  exclusively  confined 
to  the  earlier  portion  of  the  Palaeozoic  period.  They  appear 
to  have  commenced  their  existence  in  the  Upper  Carabriaa 
period,  the  earliest  known  examples  being  two  extremely 
^\m\)\^  {ovins  {Troc/iacystUfs  ;in6.  Eocystitf^s)  from  the  *' primor- 
dial zone"  of  North  America.  Other  forms  have  beende* 
scribed  as  occurring  in  the  "primordial  zone"  of  Bohemiai 
In  the  Chazy  and  Trenton  Limestones  of  North  America,  of 
Llandcilo-Caradoc  age  (Lower  .Silurian),  and  on  the  suirt 
hori/on  in  Russia,  Scandinavia,  and  Bohemia,  Cystideans  are 
found,  often  in  vast  numbers,  though  in  a  very  fragmentary 
condition.  In  the  Hala  Limestone  (Lower  Silurian)  of  Britain, 
Cystideans  are  abundant  fossils.  In  the  L^pper  Silurian  (Nifr^ 
gara  and  Loiver  HeUlerberg)  of  North  America,  and  on  iht 
same  hori/on  (Wenlock  and  Ludlow)  of  Britain,  Cystideaw 
still  occur,  though  their  remains  are  not  so  plentiful.  I^llyn 
in  the  Devonian  Rocks  occur  fonns  which  have  been  doubt 
fully  referred  to  Cystideans,  but  the  real  nature  of  which  ii 
uncertain.  Upon  the  whole,  then,  the  Cystideans  appear  !o 
have  commenced  in   the  Upper  Cambrian   Rocks,    to  have 
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attained  their  maximum  of  development  in  the  Lower 
period,  to  have  gradually  diminished  in  numbers  and 
portance  during  the  Upper  Silurian,  and  to  have  d 
al  the  commencement  of  the  Devonian  period,  or 
thereafter. 

Of  the  commoner  genera,  Ifeniicosmi/fs  (f\^.  82),  Car) 
and  EchinospftmriUs  have  all  the  plates  of  the  calyx  pe 
bjr  numerous  pores.  Spharonites  has  each  calycine  pi 
fonted  by  two  pores,  and  Apiocysiites^  Caihcystitcs^  P 
iiia,  and  Echinomcr'mus  have  the  calycine  pores  arra 
rborabs  upon  two  or  three  of  the  plates  of  the  cal 
Ci^fti^cystitfs  there  are  froin  ten  to  thirteen  of  these 
tated  rhombs.'*  In  Mahxystites^  AphcysiiUs^  Caliocysti 
^uudacriniis  the  arms  are  recumbent  and  soldered 
calyx.  In  Comarocystites  there  were  four  free  arms  w 
Bulx.  In  Ltpadocrinus  the  last  joint  of  the  column 
much  elongated,  and  pointed  at  its  extremity  ;  and  ii 
o'lnUis  and  some  other  forms  the  calyx  appears  to  ha 
direaiy  attached  to  some  foreign  body,  and  a  colunu 
to  have  been  wanting. 

Order  VI. — Blastoidfa.  ^ 

'Wit  Bhstoidea   or   **  Pcntremites"  are   Echinoderfi 

h  the  boiiy  is  etidosed  in  an  armour  of  chsfiy-fitiing  ca 

,  and  is  fixed  to  some  foreign  otfect  by  a  siettder 

the  summit  of  the  calyx  radiate  five  areas  which  are 

lna/h\  and  striated  across^  and  which  carry  a 

'ed pinnuitz  on  each  side,     (Fig.  85.) 

Biastoidea  nearly  resembled  the  Cystideans  ii 
is.  The  body  or  "calyx"  is  enclosed  in  a  si 
ted  calcareous  plates  consisting  of  three  large 
ng  five  forked  plates,  which  are  usually  regar 
nding  with  the  *■  radials  '  of  the  Crinoids. 
of  junction  of  the  forked  "radial"  plates  r 
er  plates  —  the  so-called  "deltoid  plates"— whit 
towards  the  centre  of  the  summit  of  the  calyx.  I 
4ese  dehoid  plates — which  are  generally  regarded  a 
ding  with  the  ''  inter-radials  "  of  the  Crinoids — are 
'  pseud  -  ambulacra."  The  pseud  -  ambulacra 
the  summit  of  the  calyx,  and  the  apex  of  eac] 
CCTved  into  the  cleft  formed  by  the  bifurcation  of  one 
*'radiai''*  plates.  Each  pseud-auibulacnnn  is  furrowe 
longitudinal  groove  down  its  centre,  and  is  of  a  soi 
petaloid  shape,  the  areas  on  each  side  of  the  central 
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being  transversely  striated.  Along  the  lateral  margins  of  each 
pseud-ambulacrura  is  a  row  of  minute  pores,  which  open  into 
internal  sacs,  and  are  believed  to  have  had  a  respiratory  junc- 
tion. Along  each  side  of  the  longitudinal  groove  of  each 
pseud-ambulacnim  there  appears  to  have  been  attached  a  ran 
of  small  jointed  processes  or  "  pinnulai."  The  five  pseutl- 
ambulacra,  radiating  from  the-  summit  of  the  calyx,  give  the 
upper  surface  of  the  body  somewhat  the  aj)pearance  of  a 
tiower-bud  ;  hence  the  name  applied  to  the  order  (Gr.  bhshs, 
a  bud  ;  eidos^  form).  \}\)o\\  the  whole,  it  would  seem  most 
probable  that  the  pseud-ambulacra  of  PetiiremiUs  represent 
the  arms  of  the  Crinoids,  anchylosed  with  the  calyx,  and  thJt 
the  longitudinal  furrows  of  the  pseud-ambulacra  represent  the 
•*  brachial  grooves  "  of  the  Crinoids. 


Fig.  85.— BlasioMea-  A,  Pen/rrtitltei /yri/prfttis.  iiAc-^ttr.  D,  Rav  nT  dtc 
C,  Summii  oU^cNtrt-mt'tft  caHMtieuM.  b,  b,  Uuala  ;  d,  it.  KadiaU  :  /,  /,  PMud-«at 
C  Sliow*  the  central  ;:cnta£Ooal  npcrturc,  turrounded  by  the  6ve  openincs  At  tbc 
of  the  deltoid  pUles.     Cu^ifcrouA. 

At  the  summit  of  the  calyx  of  the  Blastoidea  are  usually! 
apertures.      One  of  these  is  larger  than  the  others,  an(' 
placed  in  the  centre  of  the  caljTC,  at  the  point  towards  wl 
the  grooves  of  the  pseud-ambulacra  converge.     This  cent' 
aperture  has  generally  been  regarded  as  the  mouth,  but  S 


HlHngs  dissents  from  this  view.  The  remaining  five  apertures 
are  placed  at  the  summit  of  each  deltoid  plaie,  between  two 
pseud-ambulacra.  Four  of  the  apertures  are  equal  in  size, 
and  have  generally  been  regarded  as  *'  ovarian  ; "  hut  they  are 
looked  upon  by  the  above-mentioned  eminent  authority  as 
being  connected  witli  the  respiratory  system.  The  fifth  is  of 
brgcr  size  than  the  other  four,  and  is  usually  regarded  as 
partly  ovarian  and  partly  anal ;  but  it  is  looked  upon  by  Mr. 
■■pings  as  "  oro-anal." 

HLike  the  Cystideans,  the  Biastoidea  are  not  only  extinct, 
Tut  are  exclusively  Palaeozoic      The   Cystideans,   however, 
attaineil  their  maximum  at  a  very  early  period  of  Palaeozoic 
time;  whereas  the  Penlremites  flourished  most  abundantly  in 
the  Carboniferous  seas,  towards  the  close  of  the  Palaeozoic 
pcnod    The  Cystideans  had  nearly  died  out,  or  had  become 
.    quite  extinct,  by  the  close  of  the  Upper  Silurian  period  ;  and 
I    il  ii  a  noteworthy  fact  that  it  is  just  at  that  point  that  the 
Blasicidta  seem  to  make  their  first  ai)i>earance.     Ver)'  spar- 
ingly represented  in  the  Upper  Silurian  Rocks,  the  BUistoidm 
inaease  largely  in  numbers  during  the  Devonian  period;  but 
they  attain  their  maximum  of  development  in  the  seas  of  the 
earlier  portion  of  the   Carboniferous  period.     With  one  ex- 
ccoiingly  problematical  exception,   no  member  of  the  order 

kis  known  to  have  survived  the  close  of  the  Carboniferous 
qioch. 
f  Order  VII. — Hoi-othuroidea. 

The  last  order  of  the  Echtnodcrmata  is  that  of  the  Holothu- 
mns  or  **  Sea-cucumbers,"  in  which  the  body  is  Tcrmiform  or 
slu^ihaped,  and  thf  calcapcous  matter  secreted  by  the  integument  is 
rediurd  to  scattered  spicules  (Syiiapta),  or  rarely  is  presmt  in  t/ie 
fprm  of  imbricated  sea/es  (Psolus). 

As  might  have  been  expected  from  the  generally  soft  nature 
of  ihcir  integuments,  the  Holothiiroids  are  hardly  known  as 
fo&sils,  and  they  merely  require  to  be  mentioned  here.  The 
only  remains  referred  with  any  probability  to  this  order  are 
,  certain  calcareous  spicula  which  have  been  found  in  deposits 
of  both  Mesozoic  and  Tertiary  age,  and  which  have  been  re- 
garded as  belonging  to  a  Synapta,  and  the  shield  of  a  species 

f  Pso/us  which  has  l)een  found  in  Post-Tertiary  deposits  in 
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Sub-kingdom  Annulosa. — The  Annulose  animals  are  distin- 
guished by  the  possession  o{  a  body  li'hich  is  composfd  of  nunur- 
ous  sr^fients  arranged  iongitudinaily  one  behind  the  othir,  A 
nen'ous  system  is  always  present,  and  consists  of  a  double  chain 
of  &<^"g^^(^  running  along  the  ventral  surface  of  t/u  body  and 
traversed  anteriorly  by  the  gtdlet.  The  limbs  [johen  present)  art 
turned  towards  that  side  of  the  botiy  upon  which  the  chief  masm 
of  the  nervous  system  are  situated. 

The  sub-kingdom  Annulosa  may  be  divided  into  two  primary 
sections,  according  as  the  body  is  provided  with  articubted 
appendages  or  not;  these  divisions  being  known  respectively 
as  the  Arthropoda  (or  Articu/ata)  and  Anarthropoda,  The 
first  of  these  comprises  the  Crabs,  Lobsters,  and  the  like  (Crw- 
taeea)^  the  Spiders  and  Scorpions  (Arachnida),  the  Centipedes 
and  Millipedes  (Myriapodd)^  and  the  true  Insects  {Inseda). 
The  latter  comprises  the  Spoon-worms  (Gephyrea),  the  Leeches 
[IIirudinea)j  the  Earth-worms  (Oligi^chtp/a),  the  l\ibe-wonns 
(Tubico/a)y  and  the  Sand-worms  or  Sea-worms  {Errantia) ;  the 
last  four  groups  constituting  the  class  of  the  Ringed  Worms  or 
AnufJida. 

Regarded  as  a  whole,  the  great  Annulosc  sub-kingdom 
seems  to  have  commenced  at  least  as  early  as  the  Echinoder- 
mata  and  the  Ca'hnterata,  Roth  the  Anarthropodous  and 
Arthropodous  divisions  of  the  sub-kingdom  are  represented  in 
the  Upper  Cambrian  ;  and  the  former,  at  any  rate,  is  repre- 
sented in  the  Lower  Cambrian  period,  along  with  the  earliest 
traces  of  life  known  to  us,  except  the  Eosovn  of  the  Laurentian 
Series. 


Annelida. 


I 


In  the  Anarthropodous  division  of  the  Annuhsa  the  1 
motive  appendages  are  never  distinctly  jointed  or  articulat 
to  the  body ;  and  the  integimaent,  though  usually  capable  of 
secretin^:;  chitine  or  horny  matter,  is  almost  always  quite  soft 
and  flexible.  The  Spoon-worms  {Gephyrea)^  and  two  ordert 
of  the  Annelides  (viz.,  the  Leeches  and  the  Earth-worms),  are 
wholly  unknown  in  the  fossil  condition,  and  need  not  be  con- 
sidered here.     There  remain  only  two  orders  of  the  Annelides 
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(vit.  the  Tubeworms  or  Tubicola,  and  the  Sand-womis  or 
Errantia)  which  come  under  the  notice  of  the  paliXontologist, 
and  neither  of  these  requires  much  notice.  In  both  orders,  as 
throughout  the  division,  the  integument  is  more  or  less  soft, 
ind  there  arc  no  internal  hard  structures;  hence  il  is  more 
than  doubtful  if  we  have  any  example  of  the  fossilised  body  of 
these  creatures,  though  such  Iiave  been  alleged  to  occur.  The 
Tubicolous  Annelides,  however,  protect  themselves  by  a  lube 
of  linie,  sand,  or  adventitious  particles,  and  these  investing 
lulics  are  often  presen'cd  in  the  fossil  condition.  The  Errant 
Annelides,  again,  have  left  traces  of  their  past  existence  in  the 
fonn  of  61led-up  burrows  or  meandering  trails  upon  the  soft 
iADd  and  mud  of  the  sea-bottom  ;  and  from  these  wc  know 
that  the  Annelides  commenced  their  existence  at  least  as  early 
as  the  Lower  Cambrian  period,  obscure  traces  of  their  presence 
bving  been  o'en  detected  in  the  Laurentian  Series. 

OkDER  TuBicoLA. — The  Tubicolous  Annelides  are  distin- 
guished by  the  fact  that  i/ie  body  is  proUcUd  by  a  tube  7oithin 
xpkuh  the  animai  can  wUhdraiv  itself  by  means  of  tufts  of  bristles 
^vm^  on  the  siiies  of  the  body.     The  ^iUs  are  placed  on  or  near 
Hp  hiad^  genera/ly  in  two  lateral  tufts;   hence  the  name  of 
r^Qfhabfbrane/iia'tc  Aftnelides^"  applied  to  this  order  (fig.  86). 
I      The  protecting   tube  of  the 
Tubicolous   Annelides  may  be 
(  cora{>osed  of  carbonate  of  lime 
( .W/'.v/r),    of    grains    of    sand 
{SU'i:l.uta)^  or  of  sand,  pieces 
of  shell,  and  other  adventitious 
panicles  cemented  together  by 
a  glutinous  secretion  from  the 
body  {Terebel/a) 'j  or  it  may  be 
simply  membranaceous   or   lea- 
ther)* iSabel/a).     Scnnctimes  the 
©ihe  is  free   and  non-adherent 
■•■'T)  ;  more  commonly  it 
lod  to  some  sub-marine 
otijcci  by  its   apex  or  by  one 
side   {Srrpuia    and    Spirorbis). 
Sometimes   the    tube   is  single 

{Spirorbis) ;  sometimes  the  animal  is  social,  and  the  tubes  are 
ciusiered  together  in  larger  or  smaller  masses  (Sabellaria). 

When  the  tube  is  calcareous,  it  presents  certain  resemblances 
10  the  shells  of  some  of  the  Molluscs,  such  as  Vermetus  and 
Ihitailum.  In  the  living  state  it  is  easy  to  make  a  distinction 
_  tcuecn  these,  for  the  Tubicolar  Annelides  are  in   no  way 


^"W. 


Fig.  96. — Tubicota..  a  Sfrfuta  ct>H- 
tfirttif^lkntit,  shnM-ing  the  bninc1ii<c  nnd 
o|*ercillum  ;  6  S^ntrhit  c^mmtiHis. 
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organically  attadied  to  their  tubes,  whereas  the  Molluscs  ar« 
always  attached  to  their  shell  by  proper  muscles.  In  the  fosail 
condition,  however,  it  may  be  very  difficult  to  refer  a  giren 
calcareous  tube  to  its  proper  place.  As  a  general  rule,  how- 
ever, the  calcareous  tubes  of  Annelides,  such  as  S^puk,  are 
less  regular  and  synimetrit^l  than  those  of  Vermctus^  whilst  the 
latter  is  partitioned  by  shelly  septa,  which  do  not  exist  in  the 
former.  Again,  the  tube  of  Dcntalium  is  open  at  both  ends, 
whereas  it  is  closed  at  one  extremity  in  the  Scrpula.  In  the 
Annelidous  genus  Ditrupii^  however,  the  tube  is  ojten  i\ 
both  ends,  so  that  this  distinction  is  one  not  universally  appli- 
cable, 

Tubicolar  Annelides  are  known  from  the  Silurian  Rods 
upwards,  almost  every  great  period  having  representative*  of 
the  order,  though  many  of  the  fossils  referred  to  this  group  are 
of  a  more  or  less  i)rohleraatiral  nature.  The  genus  Spirmha 
has  survived  from  the  Upper  Silurian  period  to  the  present 
day;  and  forms  very  nearly  allied  to,  if  not  actually  identical 
with,  the  recent  Scrpuite,  are  found  in  almost  all  formaiioni, 
beginning  with  the  Silurian. 

The  chief  PaLicozoic  genera  of  Tubico/a  are  Cornuittet^ 
CmchuoUtts^    SiTpuiiles,    Traihydemia,,    Spirorbis    {Micrvoin- 

£htis),  and  SrrpuM.  The 
genus  ContuIit€s  (fig.  87) 
is  Silurian,  and  the  best 
known  species  is  C  scrpu- 
/(ihfts.  In  this  singular 
form  the  tube  is  of  con- 
siderable length  — often 
three  or  four  inches— with 
a  ^^ide  aperture  at  one 
end,  and  tapering  gradu- 
ally to  its  opposite  extrem- 
ity, which  is  often  cuned, 
and  seems  to  have  been 
attached  to  some  solid 
body.  The  lube  is  cal- 
careous, with  very  thick 
walls,  the  substance  of 
which  is  composed  of  a  number  of  cellular  cavities.  Exter- 
nally the  tube  is  ringed  with  transverse  annulations,  and  marked 
with  fine  longitudinal  striie.  The  internal  cast  of  the  lube  has 
the  form  of  a  series  of  inverted  conical  rings,  of  small  width, 
arranged  in  an  imbricated  manner.  The  tube  appears  to  have 
been  solitary,  and  is  rarely  found  attached. 


Fig.  67.  — C*T<r»/i/cj   srr^uIariHi.     Upper 

Silurian. 
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the  ihcll  of  an  Ort/uvfmt.    Lower  Siluriin. 


genus  ConchkoHUs  (fig.  88)  we  have  a  much  smaller 
,  living  socially,  and  forming  masses  of  clustered  tubes 
ig  attached  to  dead 
'  in  Lower  Silurian 
As  in  ConitiliteSj 
|>e  of  Conchicoliks  ap- 
to  have  been  calcare- 
ut  it  is  comparatively 
jid  has  none  of  the 
lar  structure  so  char- 
Itic  of  the  former.  The 
(f  Cimchkoiites  is  made 
a  series  of  short  coni- 
Jgs,  inserted  into  one 
6r  in  an  imbricated 
ET,  -wilh  their  broader 
limed  away  from  the 

\  of  tlie  tube.  It  is  worthy  of  notice  that  the  casts  of 
icaliUs^  from  their  possession  of  the  above  structure,  ex- 
I  close  resemblance  to  the  shells  of  the  Silurian  genus 
tulites;  whilst  casts  of  the  shells  of  some  species  of  the 

are  absolutely  undistiuguishable,  if  fragmentary,  from 
of  the  tubes  of  the  former.  This  is  a  remarkable  fact, 
Tcfttacuiiti's  has  often  been  regarded  as  a  genus  of  Tubi- 
AnnelJdes ;  tnit  there  are  strong  reasons  for  believing 
X  is  truly  referable  to  the  Mailuscay  and  belongs  to  the 
of  the  Pteropods. 

t  genus  SerpuiiUs  was  instituted  by  Murchison  for  certain 
9i  semi-calcareous  tubes,  often  of  great  length,  and  ap- 
fly  unattached,  which  occur  in  the  Silurian  scriei5.     These 

in  some  species  reach  a  length  of  over  a  foot,  with  a 
[tcr  of  an  inch,  and  their  true  nature  is  very  doubtful. 
;enus  Trachyderma^  again,  was  proposed  by  Phillips  for  the 
of  membranous  flexible  tubes  which  are  found  in  the 
111  rocks.  These  are  transversely  >vTinkled  or  plaited,  and 
h  the  tube  itself  has  disappeared,  there  can  be  little  doubt 
iftined  as  to  their  Annelidous  nature. 
B  genus  Spirorbis  (fig.  89}  is  characterised  by  the  posses- 
>f  a  shelly  calcareous  tube,  which  is  coiled  into  a  flat 
.  one  side  of  which  is  cemented  to  some  foreign  body. 
piral  may  be  either  right-handed  or  left-handed,  and  the 
j^enerally  occurs  in  numbers  together,  attached  to  dead 
lOr  to  the  remains  of  plants.  The  genus  commences  to 
jresented  in  the  Upper  Silurian  Rocks,  in  which  5.  Leioisii 
|tbundant  fossil.     Other  species  occur  in  the  Devonian* 


Fig.  89. — Spirvrbis{,Micr^onehHx)carh^nari*it ;  natural  swc,  attached  to  a 
and  tnagniticd.     Caxboniforous.     (After  Dawioa.) 

be  well  represented  in  both  Mesozoic  and  Tertiary  deposits ; 
and  living  forms,  apparently  little  different  from  the  fossil  one 
abound  in  recent  seas. 

I'he  genus  Serpuia  (iig.  90)  possesses  a  long  shelly  lube,'' 

usually  more  or  less  tor- 
tuous, sometimes  solitiiy. 
sometimes  aggregated,  and 
tixed  to  some  foreign  body 
by  part  of  its  surface.  Spe- 
cies of  this  genus  have 
been  described  from  the 
Upper  Silurian,  Devonian, 
and  Carboniferous  fonna* 
tions.  In  the  Trias  some 
species  occur,  and  many 
foriiis  arc  known  from  the 
Oolitic  and  Cretaceous 
formations,  whilst  they  arc 
equally  numerous  in  ihc 
Tertiary  series. 

Of  the  other  fossils  re- 
ferred to  the  Tubicolar 
Annelides,  the  only  one 
which  needs  notice  is  the 
genus  Ditrupa.  The  lube 
in  this  genus  is  unattached, 
open  at  both  extremities, 
and  very  closely  resem- 
bling the  shell  Qi^Dentalium.     This  genus  does  not  seem  to 


Fig.  ^i.*^rrpMlnjla£rUHm,     Oxfonl  Clay. 
(Juraksic.) 
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have  come  into  existence  till  the  close  of  the  Cretaceous 
period ;  but  it  is  found  in  great  abundance  in  the  London  Clay 
(Eocene)  and  the  Crag  (Pliocene). 

Order  Errantia. — The  Errant  Annelides  are  character- 
ised by  the  fact  that  the  body  is  furnished  with  lateral  tubercles 
carrying  tufts  of  bristles.  JTie  animal  leads  a  free  life^  and  is 
not  confined  to  a  tube.  The  gills  are  placed  along  the  bach  or  sides 
of  the  body  ;  hence  the  name  of  '*  Dorslhranchiate  Annelides  "  often 
applied  to  this  order  (fig.  91). 


Fig.  91.— Erraiit Aanelidet.    A,  Hairy-bolt  iXe^thy*) ;  B,  Seamouse  {A^rodiU) ; 
C,  Lob-worn  \Arr$ti(eIay    (AfVer  Goue.) 

Possessing  no  hard  structures,  the  Errant  Annelides  are 
hardly  capable  of  being  preserved  in  a  fossil  state.  Certain 
fossils,  however,  have  been  supposed  to  be  the  bo<lies  of  these 
animals  in  a  petrified  state  ;  but  it  is  very  difficult  to  believe 
that  such  is  the  true  nature  of  the  remains  in  question,  and 
it  is  almost  certain  that  they  are  really  nothiti;^  more  than 
the  "tracks"  of  sea-worms.  On  the  other  hand,  the  Errant 
Annelides  are  abundantly  represented  by  their  trails  upon  old 
sea-bottoms  or  their  burrows  in  sand  or  mud  ;  remains  of  which 
occur  in  all  formations,  almost,  from  the  Lower  Cambrian  up 
to  the  present  day. 

The  burrows  of  Annelides.  as  a  matter  of  course,  run  in  a 
direction  more  or  less  opposed  to  the  surfaces  of  the  lamina; 
of  the  rock,  being  often  quite  vertical.  Sometimes  such  bur- 
rows are  hollow,  but  they  are  more  commonly  filled  up  by  the 
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matrix  of  the  rock.  The  most  important  genera  which  have 
been  founded  upon  remains  of  this  kind  are  Scoliihus^  Histiiy- 
d^ma^  and  ArmicoiiteSy  all  of  which  occur  in  rocks  of  Cam 
brian  age.  Sco/Mush  founded  upon  long  burrows,  which  are 
nearly  straight,  and  descend  vertically  through  the  rock  (fig. 
92).  Histioderma  is  a  somewhat  curved  burrow,  from  one  to 
nearly  four  inches  in  length,  terminating  by  a  trumpet-sha(JC(I 
openmg,  whicli  is  placed  in  the  centre  of  a  small  mound. 
Armicoiitcs  includes  very  small  burrows  which  form  loopi. 
opening  on  the  surface  by  two  apertures  placed  close  to  one 
another.  The  mouths  of  these  burrows  arc  thus  placed  in 
pairs,  one  being  believed  to  be  an  aperture  of  entrance  for  the 
worm,  the  other  of  exit     The  nature  of  none  of  these  fossils 


Fig.  (>z. — Annelide-burrowi  {Snt/t/Ans  CtiMMit-nsu).  from  the  Poiftdam  SuuUtotK(Uf 
Cambrian).    {After  Billing!.) 

is  wholly  free  from  doubt ;  but  the  other  genera,  which  hw 
been  regarded  as  formed  by  burrowing  Annelides,  are  st 
more  obscure  and  uncertain. 

As  regards  the  surface-tracks  and  trails  of  Errant  Annclidf 
much  difference  of  opinion  exists,  and  the  whole  subject 
shrouded  in  obscurity.  Many  of  these  tracks  were  regarded 
by  their  describers  as  being  actually  the  body  of  the  womi.  as 
in  CrossopiHlia  (fig.  93).  Others,  as  Gordia  and  Afyriiiniin, 
are  undoubtedly  tracks  of  some  animal,  but  there  is  no 
evidence  as  to  their  having  been  produced  by  Annclid(5. 
Others,  again,  such  as  Palaoehorda^  which  are  also  almost  ecr 
tainly  the  trail  of  some  marine  animal,  have  been  described 
the  remains  of  plants.    A  few  of  these  fossils  may  truly  be 
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iPJetable  nature,  whilst  as  to  others  (such  as  Nereites)  no 
cmn  conclusion  can  be  arrived  at.  Upon  the  whole,  it 
rould  be  safest  to  ado]>t  Mr.  Salter's  proposal,  and  refer  all 
bwc  remains  provisionally  to  the  artificial  genus  Hdminihites, 


Fi{.  93,— CnMM;)(wfii«  Stvf/cn,  Mb  Annclkle  track.     Siturinn.     ( Aflcr  M  'Coy- ; 


retaining  ScoHthus  for  the  burrows.  As  regards  the  dislribu- 
tioD  of  these  remains,  it  is  sufficient  10  say  that  they  occur 
more  or  less  abundantly  in  almost  all  strata  of  a  suitable 
Qjintnil  character  from  the  Cambrian  Rocks  upwards. 


CHAPTER  XIV. 


ARTHROPODA. 


Crustacea, 

Division  Arthropoda,  or  Articulata. — The  members  of 
tins  division  of  the  sub-kingdom  Anntilosa  are  distinguished 
&wn  the  preceding  division  of  the  AnarthtvpOifa  by  the  pos- 
sesion of  jointed  appt'fidages^  articulated  to  the  body.  The  body 
a  imposed  of  a  series  of  srgments  or  "  somites ^^  arranged  ahtig  a 
hn^udinai  axis;  each  segment  occasionaliy^  and  some  always ^ 
kig  profiHed^  at  some  period  of  life  or  other ^  with  articulated 
i^enda^     Both  ih^  segmented  body  and  the  articulated  limbs 
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are  more  or  less  compkiely  protected  by  an   external  sk 
formed  by  the  thposition  of  homy  {chitinous)  matter  in  the  in/qu- 
rnent. 

The  division  Arthropoda  includes  four  great  classes 
animals  which  are  very  generally  six)ken  of  as  the  "Ai 
culate  Animals,"  These  classes  are  the  Crustaeea  (Lobsters, 
Crabs,  &c.),  the  Arachnida  (Spiders,  Scorpions,  &c.),  the 
Myhapoda  (Centipedes  and  Millipedes),  and  the  /n4eda  (In- 
sects). All  these  classes  came  into  existence  in  the  Paleo- 
zoic period,  the  division  being  represented  by  Crustaceans  as 
early  as  the  Upper  Cambrian  at  any  ratc»  and  doubtfully  in 
the  Lower  Cambrian.  Owing  to  the  fact  that  the  Cnistaccans 
alone  lead  an  habitually  aquatic  life,  the  remains  of  this  class, 
as  might  be  expected,  preponderate  largely  over  those  of  the 
other  tliree.  The  air-breathing  classes  of  the  Arachnida, 
Myrhpoda,  and  Insecta^  naturally,  have  not  left  abundant 
traces  of  their  existence  in  past  lime,  a  slate  of  things  which  is 
assisted  by  the  nature  of  their  integuments,  which  are 
as  hard  and  resisting  as  those  of  the  Crustaceans, 


Class  I. — Crustacea. 


The  Crustaceans  are  Articulate  animals  in  which  the  bt 
ing  organs  {wheti  distinct)  are  in  the  form  of  gills ^  and  the 
of  existence  is  almost  always  more  or  less  aquatic.       The  body 
protected  by  a  chitinous  or  sub<alcareous  txoskeleton  or  '*Cf 
and  the  number  of  pairs  of  artictdated  limbs  is  gcfi  era  lly  from 
to  sez'cn.     Some  of  the  locomotive  appendages  are  often  cat 
upon  the  segments  of  the  abdomen^  and  there  are  two  pairs 
jointai  feelers  or  *'  antenncey 

The  body  of  a  typical  Crustacean,  such  as  a  Lobster  (n^ 
94),  consists  of  a  definite  number  of  somites  placed  one  be- 
hind the  otiier,  and  divisible  into  three  regions — a  head,  thorax, 
and  abdomen.  Ntost  authorities  regard  the  body  as  bcii^ 
typically  composed  of  twenty-one  somites,  of  which  seven  go 
to  the  head,  seven  to  the  thorax,  and  seven  to  the  abdomen. 
All  these  somites,  except  the  last,  may  be  provided  with  a  pair 
of  aj)pcndages  each.  'J'he  last  segment  of  the  abdomen,  how- 
ever, never  carries  any  appendages.  This  segment  is  knoim 
as  the  *'telson"  (fig.  94,  i,  /),  and  it  is  variously  regardedis 
a  somite  without  appendages,  or  as  an  unpaired  appended 
placed  in  the  middle  line  of  the  body.  U  this  latter  view  be 
adopted,  the  body  of  a  typical  Crustacean  will  consist  of  1 
twenty  segnients,  instead  of  Iwenty-one.      The  telson  is 
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greatly  developed  in  some   Crustaceans,  such  as  the  King- 
crabs,  and  less  so  in  the  extinct  Euryptcrida, 


f^,  04. — MorpSoIoiTj"  of  I>5l«tcr.  I.  T^b«tcr  with  all  tlic  append .ige*,  except  the 
tcnmnal  switamcreti,  rctnuvcd,  and  the  abdominal  somites  separated  rmm  nne  another. 
CM  Carapace  ;  /  Tclwn.  a.  The  third  abdominal  somite  separated.  /  Tcf^utn  ;  m  Sler- 
»um  ;  /  Pletiron  ;  >■  Propodite  ;  A  Exopodite  ;  c  Endopodilc.  3.  One  of  the  last  pair 
of  foot-J3w»  or  maxillipctics-     t  Epijioditc  ;  g  Gill  ;  ihe  other  letters  a»  bcfurc. 

Generally  speaking,  a  greater  or  less  number  of  the  somites 
are  amalgamated  together,  rendering  it  difficult  to  recognise 
their  existence  unless  they  bear  appendages  —  each  pair  of 
appendages  indicating  a  separate  somite.  Very  commonly  the 
segments  of  the  head  and  thorax  are  Avelded  together  into  a 
single  nuss,  which  is  termed  the  "cephalothorax,"  and  which 
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really  consists  of  fourteen  coalescent  segments.  The  ccphalo- 
thorax  is  generally  covered  by  a  great  shield  or  buckler,  which 
is  termed  the  "carapace"  (fig.  94,  i,  ca),  which  is  produced 
by  an  enormous  development  of  the  dorsal  walls  of  one  or  two 
of  the  cephalic  somites. 

Each  segment  of  the  body  may  be  regarded  as  essentially 
composed  of  a  convex  upper  plate,  tenned  the  **  tergum," 
which  is  closed  below  by  a  flatter  plate,  called  the  "  sternum," 
the  line  where  the  two  unite  being  produced  downwards  and 
outwards  into  a  plate  which  is  called  the  "  pleuron,"  or 
"pleura"  (fig.  94,  2). 

Strictly  speaking,  the  composition  of  the  typical  somite  is  considenbl; 
more  complex,  each  of  the  primary  arcs  of  tne  somite  being  really  ccn* 
posed  of  four  pieces.  The  tergal  arc  is  composed  of  two  central  ptcco* 
one  on  each  side  of  the  middle  line  of  the  bocfy,  united  together,  and  con- 
stituting the  "tcr^m"  proper.  The  superior  arc  is  completed  by  t«li 
lateral  pieces,  one  on  each  side  of  the  tergum,  which  arc  termed  tie 
••epimera."  In  like  manner  the  ventral  or  sternal  arc  is  compoMtl  of  1 
central  plate,  coni|jo£ed  of  twu  pieces  united  together  in  the  middle  tinBr 
and  conittitutinjg  the  "sternum  '  proper,  the  arc  l>cing  completed  by  two 
lateral  pieces,  termed  the  •*epistema."  These  plates  are  usually  more  or 
less  completely  anchylosed  together,  and  the  true  structure  of  the  somite 
in  these  ca.sc*t  is  often  show-n  by  what  are  called  "apodemaia."  Tbac 
are  septa  which  pruceed  inwards  from  the  internal  surface  of  the  somite, 
penetrating  more  or  Ic^s  deeply  between  the  various  organs  enclosed  bylbc 
ring,  and  always  pruccediny  from  the  line  of  junction  of  tlie  diiferent  pieces 
of  the  segment  (fig.  95), 

Each  somite  of  the  body  may  bear  a  pair  of  appendages. 
and  these  appendages  are  very  much  modified  in  different 

parts  of  the  body,  in  order  to  fulfil 
different  funcLJons.  Usually,  how- 
ever, a  common  moqjhological  type 
may  be  recognised  in  the  append- 
ages of  the  Crustaccay  though  certain 
elements  of  this  type  are  often  want- 
ing or  much  modified.  lypicaSj^ 
the  appendages  of  the  Crustaaa 
consist  of  an  undivided  basal  por- 
tion or  "  jjropodite,"  giWng  ongiD 
to  two  diverging  joints,  of  which 
the  inner  is  called  the  ''endopo 
dite,"  whilst  the  outer  is  knowa 
as  the  "  exopodite."  In  such  an  appendage  as  the  '*  swim- 
meret"  of  a  Lobster  (fig.  94,  2),  these  fundamental  parts  are 
readily  recognisable;  but  either  the  exopodite  or  endopodite 
or  both,  may  be  wanting,  or  ihey  may  be  very  much 
in  shape  and  form. 


Fif.  95- — Theoretical  figure  illus- 
tratioe  tne  composition  otthe  tetcii- 
m«nUry  slielcinn  of  the  Cru«iaeea 
(after  Miliic-Fx]w.-ird<i).  D  Dorsat 
arc :  /  ^  Teryal  pieces ;  t  e  Epime- 
mJ  pieces ;  V  Ventral  arc ;  *  s  Ster- 
nal pieccK ;  //  Eplmemal  pieces ; 
//  Inaertioa  of  the  extremities. 
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It  is  impossible  to  give  any  general  view  of  the  appendages 
of  a  Crustacean ;  but  it  may  be  as  well  to  name  the  appendages 
which  are  present  in  one  of  the  higher  forms,  such  as  the 
Lobster,  in  which  all  the  somites,  except  the  telson,  cany  a 
pair  of  appendages  each.  The  somites  of  the  head  and  thorax 
are  amalgamated  into  a  single  mass,  termed  the  "  cephalo- 
thorax,"  which  is  protected  above  by  the  *'  carapace,"  and 
carries  the  appendages  on  its  lower  surface.  The7Sr>.r/  segment 
of  the  head  carries  a  pair  of  eyes,  which  are  *'  compound."  and 
are  borne  upon  long  stalks,  formed  by  the  propodite  of  the 
appendage.  The  second  segment  of  the  head  carries  a  pair  of 
small  jointed  feelers,  which  are  known  as  the  "  lesser  antennas  " 
or  "  antennules."  Each  consists  of  a  short  propodite,  and  a 
much-segmented  endopodite  and  exopodite,  which  are  nearly 
of  equal  length.  The  ////>// segment  of  the  head  carries  a  pair 
of  ver)'  long  feelers,  which  are  known  as  the  "  great  antennae." 
Each  consists  of  a  short  propodite  and  a  long  and  jointed 
endopodite,  with  a  rudimentary  exopodite.  Tht^  fourth  seg- 
ment of  the  head  carries  a  pair  of  jaws,  which  are  known  as  the 
"  mandibles.''  Each  mandible  consists  of  a  large  propodite, 
with  no  exopodite,  but  with  a  small  endopodite,  which  is  known 
as  the  "  mandibular  palp."  Between  the  bases  of  the  man- 
dibles also  is  placed  the  aperture  of  the  mouth,  which  is 
bounded /«yVfl/// by  a  plate,  known  as  the*Malmim"  (tipper 
lip)  or  "  hypostoma/'  and  behind  by  a  forked  plate^  known  as 
the  *Mabvum  "  (lower  lip)  or  "metastoma."  The y^M  segment 
carries  another  pair  of  jaws,  which  are  known  as  the  first  pair 
of  **  maxillos  ; "  whilst  the  sixth  segment  carries  another  pair  of 
the  same,  known  as  the  second  pair  of  "maxillx."  The 
seventh  and  last  segment  of  the  head  carries  the  first  of  three 
pairs  of  what  are  generally  known  as  *'  foot-jaws  "  or  "  maxilli- 
pedes,"  Each  foot-jaw  is  merely  an  ordinary'  limb,  consisting 
of  propodite,  exopodite,  and  endopodite,  but  modified  to  assist 
in  mastication.  The  eighth  segment  (the  first  of  the  thorax) 
carries  a  second  pair  of  foot-jaws,  and  the  ninth  segment  (the 
second  of  the  thorax)  bears  a  third  pair  of  the  same.  The 
terUh  segment  (the  thinl  of  the  thorax)  carries  a  pair  of  joint  Al 
limbs,  consisting  of  ]iropodite  and  endopodite  alone,  without 
any  exopodite.  These  limbs  are  greatly  develo|)ed,  and  their 
extremities  form  a  pair  of  pincers  or  *'  chela:,*'  so  that  they 
constitute  the  "  ni[>ping-claws"  of  the  I^obster.  The  elci^mth 
segment  (the  fourth  of  the  thorax)  carries  a  second  pair  of 
limbs,  also  ** chelate,"  but  much  smaller  than  the  preceding; 
and  the  twelfth  segment  (the  fifth  of  the  thorax)  carries  another 
pair  of  tlie  same.     The  thirteenth  segment  (the  sixth  of  the 
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thorax)  carries  a  pair  of  limbs  like  the  preceding,  but  wiih 
simply-pointed  extremities ;  and  the  fourtemth  segment  (the 
last  of  the  thorax)  carries  another  pair  of  the  same  ;  so  that 
there  are  altogether  five  pairs  of  ambulatory  limbs,  carried 
respectively  by  the  loth,  nth,  12th,  13th,  and  14th  somitcsof 
the  body  ;  or,  in  other  words,  by  the  last  five  segments  of  the 
thorax.  Of  the  seven  segments  of  the  abdomen — completing 
the  total  of  twenty-one — the  first  six  carry  each  a  pair  of  ap- 
pendages,  which  are  used  as  swimming  organs,  and  which  aie 
termed  the  "swimmerets."  Each  swimmeret  (fig.  94,  3)  con- 
sists of  a  propodite  and  a  flattened  exopoditc  and  endopodite; 
and  the  Jasl  pair  is  greatly  widened  out  and  expanded,  forming 
with  the  tclson  a  ]>owerful  swimming-tail  The  telson  or  last 
abdominal  segment  carries  no  appendages,  and  is  simply 
placed  between  the  last  pair  of  swlmmerels. 

As  regards  the  general  distribution  of  the  Crustiuea  in  time, 
remains  of  the  class  are  comparatively  abundant  in  all  forma- 
tions except  the  very  oldest ;  as  might  have  been  expected 
from  the  generally  cbitinous  or  sub-calcareous  nature  of  ihcir 
integuments  and  their  aquatic  habits.  Owing  also  to  their 
habit  of  periodically  casting  their  shell,  a  single  individual  truy 
leave  repeated  traces  of  himself,  and  the  number  of  fossils  may 
considerably  exceed  that  of  the  individuals  which  acliuil^ 
underwent  fossilisation.  The  Crustaceans  appear  to  havccon** 
meuced  their  existence  in  the  Cambrian  period,  remains  of 
members  of  this  class  being  tolerably  abundant  in  the  higher 
portion  of  this  formation.  The  Palaeozoic  formations,  taken 
as  a  whole,  are  characterised  by  the  predominance  of  the 
orders  Triiobita^  Euryptcrida^  Osfracoda^  and  P/iy/hpcda,  of 
which  the  two  former  are  exclusively  confined  to  this  penod. 
All  the  other  orders  of  Cnisia^ea,  which  have  left  any  traces  of 
their  past  existence  at  all,  appear  to  have  come  into  existence 
before  the  close  of  the  Palxozoic  period.  Uixin  the  whole, 
however,  there  has  been  a  marked  progression  in  proceeding 
from  the  older  formations  to  the  present  day.  The  Trilohites 
and  Eur\-pterids  of  the  older  Palaeozoic  Rocks,  though  hiphly 
organised  so  far  as  their  type  is  concerned,  are  in  many  respats 
inferior  to  later  forms,  whilst  they  present  some  striking  [joints 
of  resemblance  to  the  larval  forms  of  the  higher  groups.  The 
great  group  of  the  Stalk-eyed  Crustaceans — undoubtedly  the 
highest  of  the  entire  class — is  not  represented  at  all  till  we 
reach  the  Carboniferous  Rocks :  and  it  is  not  till  we  come  into 
the  Secondary  period  that  we  find  any  great  development  of 
this  group,  whilst  its  abundance  increases  to  a  marketl  extent 
in  the  Tertiary  period,  and  it  attains  its  maximum  at  the 
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present  day.  Similarly,  of  the  two  sub-orders  of  the  Merosto- 
vtata^  the  Euryptcrida  are  confined  to  the  earlier  portion  of  the 
Palaeozoic  period,  whilst  the  more  highly  organised  and  less 
larval"  King-crabs  {Xiphosura)  did  not  make  their  appearance 
till  tlie  Eurypierids  had  disappeared,  at  the  close  of  the  Car- 
boniferous period. 

The  following  table  shows  the  orders  of  the  Crustacea^  and 
a  short  account  will  be  given  of  the  distribution  in  time  of 
those  which  are  known  to  occur  as  fossils.  The  stnicture  also 
of  the  extinct  groups  will  be  shortly  described.  The  orders 
marked  with  an  asterisk  do  not  occur  as  fossils,  or  only  doubt- 
fully so,  and  will  not  be  considered  here. 

Tabl'lar  View  of  the  Divisions  of  the  Crustacea. 

SuthcUss  I.  Epizoa  {//atistrlia/a). 
Order  I.  I<hthyophthira^* 
,1      3.  RhiitKcphaia^ 


Sub-class  II.   CiRRIPEDIA. 

Order  3,    Th^rac'ua. 


Halanidse. 

Vcmiciilae. 

Lepadidae. 


[  Ltg^H,  Lophyropoda, 
Ligion^  Branch  topoda. 


,,      4.  Abdominalia* 
H      5.  Apcda* 

Sub-cla»t  in.  Entomostraca 

Order  6.  Ostrae&da. 

,,     7'  Co/>tpo(fa.' 

,1      8,  Cladtxera* 

I*      9-  Phyllopcda. 

„    10.  Trilobiia. 

„    II.  Mcrostomata, 

Sub-class  IV.  Maijicostraca. 

Division  A.  Edrioi'iithalmata. 
Order  13.  Larmf^ipoda.* 
„      13.  Jsopoda. 

t,,  14.  Ampkipcda. 
Division  b.  Pouophthalmata. 
Sub-class  Cirripedia. 
Anirna!  free  what  young,  but  permanmily  aitached  in  the  adult 
condition  to  some  foreign  body  by  the  anterior  extrctnity  of  tti€ 
metamorphosed  head.  The  visceral  cavity  of  the  adult  protected 
by  a  calcareous  shell  of  sei'cral  pieces,  or  by  a  coriaceous  envelope, 
Abdom eft  free.  Thoracic  segments  usually  carrying  six  pairs  of 
forked  ciliated  limbs. 


rder  15.  Sttfntapotta. 
„      |6.  Detapoda. 
Tribe  a. 

Macrura, 

„     b. 

Anomura. 
Brachyura 
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The  Cirripedia  include  three  orders,  of  which  only  the 
Thoracka  has  ever  been  found  in  a  fossil  condition,  or  is  ever 
hkely  to  be  so.  In  this  order  are  the  common  Acom-siielU 
{J3aJani(he)  and  Barnacles  {Lipadidte),  in  which  the  body  is 
protected  by  a  more  or  less  complete  calcareous  shell.  The 
Acom-shells  are  generally  known  as  the  "Sessile  Cirripedes," 
because  the  shell  is  directly  attached  by  its  base  to  some 
foreign  body,  whereas  the  Barnacles  are  commonly  known  u 
the  "  Pedunculated  Cirripedes,"  because  the  shell  is  supported 
upon  a  stalk  or  '*  peduncle."  Besides  these,  the  order  Tk^r- 
acica  comprises  a  third  family,  that  of  the  VcrrucidiZy  in  which 
the  shell  resembles  that  of  tlie  Balanidie  in  being  sessile,  bui 
differs  in  being  unsymmetrical,  and  in  some  other  particulars. 

It  is  with  the  j-//<r// of  the  Cirripedes  that  the  palaeontologist 
has  to  deal ;  and  we  may,  therefore,  consider  briefly  the  chief 
parts  of  the  shell  in  tlie  Sessile  and  Pedunculated  Cirripedw 
respectively.  It  will  not  be  necessary,  however,  to  enter  into 
minute  details  on  this  complicated  subject,  and  it  will  be 
sufficient  to  indicate  the  leading  facts  of  importance. 

In  the  symmetrical  Sessile  Cirripedes  or  ^^/az/tV/ij,  commonly 
known  as  Acom-shells,  the  animal  is  protected  by  a  calcareous 
shell  formed  by  calcifications  within  the  walls  of  the  first  three 
cephalic  segments.  The  animal  is  placed  within  the  shell, 
head  downwards,  and  is  fixed  to  the  centre  of  a  shelly  or  mem- 
branous plate,  which  closes  the  lower  aperture  of  the  shell,  and 
which  is  termed  the  "basis"  (fig.  96  a,  /).  The  " basis "  is 
fixed  by  its  outer  surface  to  some  foreign  object,  and  is  some- 
times compact,  sometimes  porous.  Above  the  basis  rises  1 
limpet-shaped,  conical,  or  cylindrical  shell,  which  is  open  at 
the  top,  but  is  capable  of  being  completely  closed  by  a  p)Ta- 
midal  lid  or  "  operculum."  Leaving  the  operculum  out  of 
consideration  at  present,  the  sides  of  the  shell  are  seen  to  be 
composed  of  from  four  to  eight  separate  pieces,  valves,  or,  as 
they  are  technically  called,  compartments.  These  compart- 
ments are  usually  closely  contiguous  hf  their  lateral  margins, 
and  are  separated  by  lines  of  division  or  "  sutures  ;"  but  they 
are  sometimes  anchylosed  together.  Each  compartment  con- 
sists of  a  central  portion,  which  is  termed  the  "paries'' (fig- 
96,  B/),  which  is  attached  by  its  base  to  the  "  basis"  of  the 
shell.  The  "paries**  grows  downwards,  so  that  the  whole 
shell  increases  by  additions  made  round  the  base.  The  j>aries 
of  each  compartment  is  flanked  by  wing-like  portions,  which 
differ  from  the  paries  in  appearance,  and  are  called  "radii" 
and  "alic,"  according  to  their  shape  (fig.  96,  B,  C).  Som^ 
times  the  paries  has  a  "radius"  on  both  sides,  somctim( 
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•'alas "  on  both  sides,  and  sometimes  an  ala  on  one  side  and  a 
radius  on  the  other. 

The  separate  compartments  of  the  shell  receive  special 
names  according  to  their  position.  The  compartment  at  the 
end  of  the  shell  where  the  animal  thrusts  out  its  cirrated  limbs, 
is  caJied  the  "  carina  "  (fig.  96,  A) ;  and  the  compartment  im- 
mediately opposite  to  this  "  rostrum.''  The  remaining  com- 
partments are  "  lateral/*  the  one  nearest  the  carina  "  carino- 
lateral,"  the  one  nearest  the  rostrum  '*  rostro-latcral/'  and  the 
middle  one  simply  "  lateral "  (fig.  96,  A)  j  but  the  three  rarely 
coexist. 


Fig-  q6. — Shcllnf  BalaiudK,  A,  DlaETun  at  the  ihcU  of  BaJanut ;  i,l  Basin  :r  Carina; 
k  RoMnun;  m  RukUo-lateral  compartment ;  m  LaicntJ  compartment ;  9  Cariaa^latenil 
campsrtment.  Q,  Comparlmcnl  with  twn  radii  (r,  r)  flankini^  the  nanr<i  {p\  C, 
Cocnpaitmenl  with  a  tatiiai  (r]  on  one  ude.  and  an  ala  (n)  on  the  other  sine  of  ihc  paries. 
D,  Intcfiial  view  of  the  scutum.  E,  Iniercjil  view  of  the  lergum,  showing  ihc  spur  (j) 
and  the  beak  (/}.     (After  Darwtiv.) 


The  "  operculum  "  or  lid  of  the  shell  consists  of  two  pairs  of 
valves,  known  as  the  "scuta"  and  "  terga,"  forming  a  little 
p)Tamid  or  cone,  attached  within  the  orifice  of  the  shell  by  a 
membrane.  Each  scutum  opens  and  shuts  against  its  fellow 
along  one  margin  (the  "occludent"  margin),  and  articulates 
with  one  of  the  terga  along  the  opposite  margin.  Similarly, 
each  tergum  opens  and  shuts  against  its  fellow  along  one  mar- 
gin (the  "carinal"  margin),  and  articulates  with  one  of  the 
scuta  along  the  opposite  margin.  The  ape.\  of  the  terga  (fig. 
96,  E)  often  forms  a  prominent  beak,  and  the  basal  margin  is 
furnished  with  a  process  or  "  spur,"  The  scuta  and  terga  arc 
not  only  movable,  but  are  furnished  with  proper  depressor 
muscles. 
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As  regards  the  distribution  of  the  Ba/antWa  in  time, 
oldest  known  representative  of  the  family,  so  far  as  is  certainly 
known,  has  been  indicated  by  Mr  Seeley  as  occurring  in  the 
Lias,  and  has  been  made  the  type  of  a  new  genus  under  the 
name  of  Zoocapsa,  So  far  as  is  known,  no  member  of  the 
group  occurs  in  any  Palaeozoic  dej^osit ;  and  negative  evidence 
]s  in  this  case  of  considerable  value,  as  the  Bahifti  possess  a 
shell  which  is  readily  prcsen'ed,  whilst  they  adhere  to  al! 
sorts  of  marine  bodies.  With  the  above-mentioned  exception 
(which  may,  perhaps,  be  referrcil  to  the  Verru£idi£\  no  fossil 
Balanoid  has  hitherto  been  discovered  in  sediments  older 
than  the  commencement  of  the  Tertiary  period.  The  genus 
Baiantts  is  the  earliest  of  the  group,  and  appears  under  several 
specific  forms  in  the  Eocene  Rocks.  In  the  Miocene  and 
Pliocene  deposits,  the  Ba/artitiie  are  abundantly  represented 
by  Balanus  itself,  and  in  the  latter  by  the  genera  Ai 
PyrgoMta^  and   Coromtla. 

The  remaining  family  of  the  Sessile  Cirripedes  is  that  of 
Verrucida,  comprising  only  the  single  genus  Verruca.  In  m 
respects  the  Vcrru^idtE  ajjiiroach  the  Baiatiida^  but  the  shell  is 
composed  of  six  valves  only,  and  is  unsynimetrical,  whilst  the 
scuta  and  tcrga  (forming  the  operculum),  though  movable, 
arc  not  furnished  with  a  depres?>or  muscle.  'I'he  VoTvcidd 
appear,  so  far  as  is  known,  to  have  commenced  their  existence 
towards  the  close  of  the  Secondar}'  period,  the  Chalk  haung 
yiekled  one  species.  Verruca  Siromia  is  found  in  the  Coralline 
and  Red  Crags  (Pliocene),  in  Glacial  deposits,  and  in  existi 
seas. 

The  third  family  of  the  Ctrripedia  TTioracica  is  that  oft! 
Lepadidiz  or   Pedunculated    Cirripedes,  commonly  known 
"  Barnacles."     In  these  (fig.  97)  the  animal  differs  from 
Sessile   Cirripedes   in   having   its   anterior   extremity  grea 
elongated,  forming  a  stalk  or  *'  peduncle"  by  which  the  ani 
is  fixed  to  some  foreign  object.     At  its  free  extremity 
pedimcle  bears  the   "capitulum,"  which  corresponds  to 
shell  of  the  Balanoids,  and  is  composed  of  various  calcareo' 
pieces,  united  by  a  membrane,  moved  upon  one  another 
appropriate  muscles,  and  protecting  in  their  interior  the  b 
of  the  animal  with  its  various  ap[>endages.     The  peduncle 
cylindrici!,  of  var>'ing  length,  flexible,  and  furnished  with  p 
per  muscles.     In  some  species  the  peduncle  is  naked,  and  can- 
not be  preserved  in  the  fossil  condition  ;  but  in  other  casi 
the  peduncle  is  furnished  with  calcareous  scales  {Loricuia 
Turriiifasy  fig.  99J,  in  which  case  it  is  readily  preserved.     Th 
''capitulum"  (fig.   98),  as  before  said,  corresponds  with  the 
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shell  of  Ihe  Baiani,  and  is  generally  much  flattened.     It  con- 
sists ordinarily  of  five  or  more  valves  united  to  one  another 
"by  membrane,  usually  with  marked  interspaces  ;  but  the  valves 
-xnay  be  rudimentary  or  Avantiny,  and 
*he    entire  capitulum  may   be   mcm- 
lirajious.     The    parts  of   the   capitu- 
Ihini  corresiiond  ideally  with  the  parts 
of  the   shell    in    the    IJalanoids.      In 
the    latter,  however,  the   shell  is  for 
Xhe  most  part  composed  of  the  *'  com- 
partments," and  the  "  operculum  "  is 
comparatively  small  and  insignificant 
Ixi.  the  Lepadoids,  on  the  other  hand, 
the  valves  which  correspond  with  the 
opercidum  of  the  Balanoids  are  dis- 
proportionately   developed,    and    the 
-valves    which    correspond    with    the 
compartments  of  the   Balanoids   are 
much  less  conspicuous,  and  are  often 
partially  absent.     The  most  important 
and   persistent  of  the  valves  are  the 
"  scuta  "  (fig.  98,  b)^  which  protect  the 
front  part  of  the  body,  and  correspond 
with  the  valves  bearing  the  same  name 
in   the  operculum   of  the   Balanoids. 
The   next    most    important    are   the 
**  lerga  "  (fig.  98,  fl),  which  protect  the 
dorso-Iateral  surface.     A  pair  of  scuta 
and  a  j)air  of  terga  are  present,  and 
these  are  the  largest  of  all  the  valves. 
The    "  carina ''    and    **  rostixim  "   are 
placed  along  the  edges  of  the  capitu- 
lum, the  former  being  much  the  most 
important,  and  there  may  be  a  '*  sub- 
carina"  and  "sub-rostrum."     The  re- 
maining valves,  with  the  carina  and 
rostrum,  correspond  with  the  proper 

shell  of  tlie  Balanoids  ;  but   they  are  often  wanting  or  rudi- 
mentary, and  they  require  no  further  consideration  here. 

As  regards  the  distribution  of  the  Pedunculated  Cirripedes 
in  time,  until  recently  no  member  of  the  family  was  certainly 
known  to  have  existed  in  the  PalKOxoic  period.  Mr  Henry 
Woodward,  however,  has  described  a  very  interesting  form 
from  the  Upper  Silurian  Rocks,  under  the  name  of  Turriltpas 
(fig.  99,  A).     In  this  singular  fossil  Uie  peduncle  was  furnished 


Fig-  'it-'^AMnii/n  le^x,  a 
recent  PcduncuUtcd  Cirripede. 
The  lower  fitrure  shows  Lhc 
KUtiun  detached. 
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with  intersecting  rows  of  plates,  as  in  Loricv/a.  These  p! 
when  detached  and  occurring  in  an  isolated  condirion,  c 
very  readily  be  mistaken  for  the  shells  of  Pteropods. 
genus  is  known  both  from  the  Wenlock  Limestone  of  Dc 
and  the  Ludlow  Rocks  of  the  Pentland  Hills  near  I 
burgh.  The  Devonian,  Carboniferous,  and  Permian  fo 
tions  have  as  yet  yielded  no  certain  traces  of  Peduncul 
CirripedeSf  if  we  reject,  as  we  apparently  must,  the  Aj^ 
of  the  Carboniferous  rocks,  referred   here  by  M.  D'Chhi 


Fig.  98.— Capltultitn  ofa  Pedunculated  Cirriiicdc.  a  Tcrgum  ;  t  Scucuin  ',td 
4  Upper  latus  ;  e  Carinn-latus;  /  Kivstrum  ;  f  Sub-rosUum  i  h  RoMxal  Utus^  t. 
maduui  latus  ;  k  sub-cahtu.     (After  Darwin.)  'J| 


With  the  exception  of  the  very  ancient  Turriitfas^  the  o 
pedunculated  Cirripedes  belong  to  the  genus  PoUuipts^^ 
of  which  have  beeu  discovered  in  the  Rhaetic  beds  (L^pperT; 
and  in  the  Lower  Oolites  (Stonesfield  Slate).  In  the  Crc 
ous  period,  "  the  Lepadid^-E  arrived  at  their  culminant  p 
there  were  then  three  genera,  and  at  least  thirty-two  sp< 
some  occurring  in  every  stage  of  this  system"  (Darwin), 
the  Tertiary  rocks  are  a  few  species  of  SmipiUufn  and  PoIHl 
but  no  species  of  tlie   now  existing  and  widely  distiU 
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ILepas  or  Anatifa  has  as  yet  been  certainly  detected  in  a 
condition  (Darwin),  though  D'Orbigny  states  that  he  has 


i9»— A,   THtriU^x  Wricktti.     Upper  Silurian.     (After  WcKjdward.)    a  A  pUte 
•f  the  same  maEDilied.     U,  Lorkuta  ^kluUa,    Chalk.    (After  Darwiii.) 

:overed  a   representative  of  this  genus   in   the  Miocene 
tiary. 


CHAPTER    XV. 

CR  US TA  CEA—  Continued. 

SuB-ctAss  Entomostraca. 

I  Entomostracous  Crustaceans  are  defined  by  Professor 
>ert  Jones  as  follows  :— **  Animal  aquatic^  coi'ered  with  a 
'  or  carapace^  of  a  homy  consistency^  formed  of  one  or  more 
*j,  in  some  genera  resembling  a  cuirass  or  buckler^  and  in  others 
'•vah'e  shelly  which  completely  or  in  great  part  envelops  the 
\and  limbs  of  ilu  animal;  in  other  genera  the  animal  is  in- 
vt  wiih  a  multivahe  carapace^  lilu  jointed  plate-armour  ;  the 
fehia  are  attae/ied  either  to  the  feet  or  to  the  organs  of  mastica- 
;  th€  limbs  are  jointed,  and  more  or  less  setiferous.  The 
talsy  for  the  most  futrt^  undergo  a  regular  moulting  or  change 
he//,  as  t/tey  grmo ;  in  some  cases  this  amounts  to  a  species  of 
sformationj* 

he  orders  commonly  included  in  the  sub-class  Entomostraea 
the  Ostraeoda,  Copepoda^  Cladoccra,  Phyllopoda,  Trilobita^ 
rj^ferostomata  (comprising  the  sub-orders  Xiphosura  and 
'idc^.     Of  these,   the    Copepoda    and   Cladocera  may 


}^iertda).     Of 
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be  left  out  of  consideration,  as  they  are  not  certainly  knoi 
occur  in  the  fossil  condition.  'J'here  are  also  good  reasons  for 
the  belief  that  the  Trilobites  should  be  placed  amongst  the 
Malacostracous  Crustaceans,  in  or  near  the  order  Jsppotia,  la 
the  absence,  however,  of  unassailable  evidence,  the  Trilobites 
ma)'  be  safely  retained  in  the  vicinity  of  Uie  FhyllopodSn  toi 
which  ihey  show  undoubted  affinities. 


I 


Order  Ostracx)da. 

Mhmie  Crustaceans  havhtg  the  entire  l>ody  cnchsed  in  a  shdiir 
carapaie^  tvhich  is  composed  of  (wo  valves  united  along  the  Imck  hj 
a  membrane.  7Vte  valves  are  capable  of  being  dosed  by  an  adduc- 
tor musc/r\  the  insertion  of  which  is  marked  in  the  interior  cf  mk 
va/ve  by  a  tnberc/e,  pit^  or  group  of  spois^  or  by  both  spots  and  a 
pit.  The  branchiae  are  attached  to  t/ie  posterior  jaws,  and  thrt 
are  only  two  or  three  pairs  of  feety  which  subscribe  ioconwtioHs  h\d 
are  not  adapted  for  srcimming. 

Of  the  living  Oslracode  Cnistaceans,  a  great  many  inhabit 
fresh  waters  (Cypris);  others  live  in  fresh  or  in  brackish  walos 
(Candona) ;  lastly,  others  are  exclusively  confined  to  the  wa 
( Cythere  and  Cypndina).  They  generally  swann  in  the  locali- 
ties in  which  they  occur,  and  from  ihcir  habit  of  pcriodicaflY 
shedding  their  valves,  considerable  accumulations  of  their  shdli 
may  be  formed  under  favouring  circumstances. 

It  is  only  the  carapace-valves  of  the  Ostracode  Cnistaceau 
that  are  preserved  in  the  fossil  condition;  and  the  general  form 
of  the  carapace  is  often  very  similar  in  different  genera.  Hence,  i, 
the  palaiontolo^'ist  has  lo  rely,  in  the  discrimination  of  thesej 
minute  fossils,  upon  small  variations  of  shape,  differences  ial 
the  thickness  of  the  valves,  the  characters  of  the  edges  of  the: 
valves,  or  the  manner  in  which  they  are  hinged  to  one  an-' 
other,  or,  lastly,  the  surface-ornamentation.  Partly  for  thilj 
reason,  and  partly  because  the  number  of  known  fossil  Ottnh^ 
coda  is  very  large,  it  will  not  be  advisable  here  lo  do  more  ihaaj 
give  an  outline  of  the  general  distribution  of  the  order  in  time; 

The  Ostracode  Crustaceans  appear  to  have  been  amongst, 
the  earliest  representatives  of  their  class,  abounding  as  they  dO; 
in  many  Lower  Silurian  deposits.  Amongst  the  more  import* 
ant  genera  which  are  represented  in  the  Silurian  Rocks  maf 
be  mentioned  Frimitia  (fig.  loo,  rt)>  Leperditia^  Beyrichia^  Ent^ 
viis,  Cypridtna,  Cytheretta,  Cythere^  and  Bairdia.  Of  these  the 
genus  Primitia  is  exclusively  confined  to  the  Silurian  rocks^, 
whilst  the  great  genus  Leperditia  arrived  here  at  its  greatest 
development.      On   the   other  hand,   the  genera  Cythcrdld^ 
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fihtre,  and  Batrdia  are  represented  by  species  now  living. 

■esumably  all  these  genera  were  marine,  and  we  know  that 
lis  was  the  case  with  many  of  them.  The  Devonian  rocks 
:e  comparatively  poor  in  Osiracoda^  all  the  known  forms 
leaving  Esthtria  out  of  consideration)  belonging  to  the  genera 
IniamiSf  LeperdiiiOy   aad  Bcyrkhia.      In   the   Carboniferous 
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J.  ion —FontI  OkThicixIc  Cru^tiiccanx  : — a  Primitia.  ilrnngulata,  I>nwcr  Silurian  ; 
Primitin  L^gani,   Ix)wcr    Silurian ;  <  Beyrichi.i  KUrdfti.    Upper    Silurian ;    d  ,f 
"    rviJa  inflaUt,  Carboniferous;  t  Lffefditia  Annn,  I.nwer  ^rnXxinan  ;  /  Le^niitin 
itHsUt  Lower  Silurian;  jr  Btyriihia  impgrntiims.   Upper  Silurian  ;  k  BtyrkhiA 
\ia,  Carbomfcrous  ;  i  Camjotia  Tntettma,  CarboDircrou&.     All  enlarged. 


ocks  no  less  than  fifteen  genera  have  been  detected.  Of 
ese  the  genera  Lepfrditia^  Bairdh^  Beyrkhia^  Cythcre,  Cypri- 
'ina^  CypridtUa^  and  EtitomU  are  the  most  imi>ortant.  The 
diiiiE  were  formerly  referred  to  the  genus  Cypris^  the 
ecies  of  which  are  exclusively  fresh-water  in  their  habits.  It 
noticeable,  however,  that  some  of  the  Carboniferous  species 
ve  been  referred,  apparently  on  good  grounds,  to  the  recent 
enus  Candona^  all  the  fonns  of  which  inhabit  fresh  water.  It 
also  noticeable  that  the  genera  Beyrichta  and  EnUnnls 
to  die  out  in  the  Carboniferous  Rocks,  and  have  not 
detected  in  any  later  formations.  In  the  Permian  Rocks 
have  only  the  genera  Bairdia^  Cythcre^  and  Cypridhia,  of 
'hich  the  two  former  are  represented  by  living  forms.  In  the 
Secondary-  and  Tertiary  deposits,  remains  of  Ostracode  Crust- 
eans  are  abLindant,  often  occurring  in  myriads  in  certain 
Itrata,  to  which  they  sometimes  impart  a  fissile  character.  The 
cJiief  genera  which  are  represented  in  Mesozoic  and  Kainozoic 
time,  are  Cypris^  Candonay  Batrdia^  Cyihcrf^  Cythereiia^  and 
Cypridifia^  all  of  which  are  represented  by  living  species  at  the 
present  day.* 

•  The  facts  here  summarisccl  are  mainly  draTt^Ti  from  the  Memoirs  of 
1*rofe«M5r  Rupert  Tones,  and  his  admirable  Monographs  on  the  Ostracoda, 
published  by  the  Palocontographical  Society. 
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EsTHERiA. — Before  going  on  to  the  order  PhyUopoda^ 

may  briefly  notice  here  the  little  fossils  belonging  to  ihc 
Estheria,,  as  these  are  in  some  respects  closely  allied  i 
Ostrucoda^  or  are  intermediate  between  these  and  the 
Phyllojiods.  Upon  the  whole,  however,  Esth^a  would 
to  be  inost  nearly  allied  to  the  living  Limnadia^  in  which  osf" 
it  would  be  rightly  referred  to  the  Phyllopoda,  Thebodjn 
Estheria  is  enclosed  in  a  bivalve  carapace  (fig,  loi,  A),  and 


B 


Y\%.  101- — A,  carapace  of  EUheria  vttitn,  nutcnUied  ux  diameterK,  Triul 

yace  of  Lrala  Lvidyi,  magnified   five  diameters,    Lower  Carbo&iferous  (afkif 
ones), 


the  feet  are  foliaceous.     The  valves  of  the  carapace  hai 
well-marked  beak  or  "  umbo,"  and  are  hinged  to  one 
along  a  dorsal  line.     From  these  circumstances,  and  from 
being  marked  with  numerous  concentric  lines  of  grow! 
carapace  valves  of  Estheria  very  closely  resemble  the  shcl 
certain  Bivalve  Molluscs,  for  which  they  have  often  been 
taken.     The  valves  are  usually  sub-triangular,  ovate,  or 
quadrate  in  form,  and  they  possess  a  homy  texture. 

The  living  Estheria  are,  without  exception,  inhabit 
fresh   or,  rarely,  brackish  water;  and  no  one  of  the 
twenty-four  species  has  been  detected  in  the  sea.     This 
afford  a  strong  presumption  that  the  deposits  in  which 
Estiieriis  occur  were  deposited  in  fresh  or  brackish  water; 
they  not  uncommonly  occur  in  conjunction  with  und< 
marine  remains.     They  appear,  on  the  whole,  to  occur 
frequently  in  those  accumulations  that  "have  been  dcci( 
the  result  of  brackish-water  inundations,  and  of  more 
ent  lagoons"  (Jones).     Yo^%\\ Esther ics  occur  in  the  Devoi 
Carboniferous,   Permian,  Triassic,  Jurassic,  Cretaceous, 
some   Tertiary  deposits ;  but   they  a|jpear   to   have  att 
their  maximum  development  towards  the  close  of  the  Tiii 
period. 

The  genus  Leaia  (fig.  loi)  is  very  nearly  allied  to  Esihc 
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I  comprises  small  Bivalved  Crustaceans,  with  "  dark,  homy, 
quadrate  valves,  obliquely  ridged  from  umbo  to  angles, 
I  ornamented  with  distinct  lines  of  growth  parallel  with  the 
der"'  (Jones).  Leaia  is  a  very  widely  distributed  genus, 
all  the  known  species  belong  to  either  the  Carboniferous 
Permian  Rocks. 


^p  Order.  Fhvllopoda. 

Crtistacea^  mostly  of  small  size,  the  carapace  protecting  the  head 
i  thorax,  or  the  body  aitirety  naked.  Feet  numerous,  nci'er  /ess 
n  e^hi  pairs,  mostly  foiiaeeous  or  leaf  like,  branchial  infttndion. 
Most  of  the  lixing  Phyllopods  are  inhabitants  of  fresh  waters, 
t  some  live  in  the  sea  {Nebnlia\  and  others  affect  waters 
ich  arc  abnormally  salt  {Artemia).  The  two  most  intcrest- 
l  recent  forms,  as  bearing  on  fossil  examples  of  the  order, 
s  Umnadia  and  Apns,  both  of  which  live  in  fresh  water.  In 
mnadia  the  body  is  enclosed  in  an  oval  bivalve  carapace, 
d  there  are  from  eighteen  to  thirty  pairs  of  membranous 
kf-like  feet.  In  Apus  the  carapace  is  clypciform,  and  protects 
considerable  portion  of  the  abdomen ;  and  there  are  sixty 
its  of  feet,  of  which  all  but  the  first  pair  are  foiiaeeous. 
Leaving  out  of  sight  the  genera  Estheria  and  Leaia,  the 
jyllopods  are  almost  exclusively  palxozoic  in  their  distribu- 
«i,  and  are  chiefly,  though  not  exclusively,  known  by  their 
rapace-valves.  The  best  known  genera  are  the  Hymenocaris 
the  Lingula  flags,  the  Caryocaris  of  the  Skiddaw  slates,  the 
ritocaris  and  Discinocaris  of  the  Lower  Silurian,  the  Ceratio- 
ris  of  the  Upper  Silurian,  and  the  Dithyrocaris  of  the  Car- 
miferous  Limestone.  The^e  forms  ha^e  a  general  resem- 
ance  to  one  another,  and  are  believed  to  be  most  nearly  allied 
the  recent  Apus^  whilst  they  are  exclusively  palaeozoic.  The 
•nus  Aspidocaris^  however,  is  allied  to  the  preceding,  and  is 
und  in  the  Trlassic  period. 

In  Hymenocaris  {fig.  102,  b)  the  carapace  is  comparatively 
rge,  sub-triangular,  apparently  not  bivalved  ;  there  are  nine 
se  abdominal  segments,  and  the  last  carries  three  pairs  of 
kequal  lanceolate  appendages.  In  Caryocaris  \}c\t  carapace  is 
valved,  pod-shaped,  and  truncated  behind,  and  the  last  ab- 
>minal  segment  carries  three  spines.  In  Pdtocaris  and  Dis- 
nocaris  (fig.  102,  c.)  the  carapace  is  roundetl,  with  concentric 
ics  of  growth,  a  dorsvil  furrow  Iieing  present  in  the  former, 
lit  wanting  in  the  latter.  In  both  there  is  commonly  a  wedge- 
laped  indentation  in  front,  caused  by  the  separation  from  the 
uapace  of  the  anterior  portion  of  the  head.     In  Ceratiocaris, 
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again,  the  carapace  apjMiars  to  be  bent,  but  not  di\-ided  or 
hinged,  along  the  dorsal  Hnc,  and  its  shape  is  pod-like  (6g. 
I02,  a),  \\'itl»  an  abnipt  posterior  truncation.  The  surface  of 
the  carapace  is  marked  with  "  fine,  obliquely  loDgitudinal,  iia- 
brirated  striie"  (M'Coy). 


Fig.  loj. — ralieoeoic  Phyllwods: — «t  Cfm/itv^ris /^^/t'f,  Upper  Siluraa  (Sibal^ 
i  Hym^nivant  TermUaudA,    Upper  Cambrian   (Salter).     £  DiiciniKant 
Lower  SUurUii  (Original/     d  PeittKaru  a^tyckmdn,  Luwer  SUurtan  (Woodward,'. 


Order  Trilohita. 


dUtk 


Crustaceans  in  which  the  body  is  usually  more  or  less 
tritobed;  there  is  a  cephalic  shield^  usually  bearing  a  pair  of 
compound  eyes ;  the  thoracic  somites  are  movable  upon  one  a 
and  are  very  variable  in  number ;  the  abdominal  segmenii 
coalescent,  and  form  a  caudal  shield ;   tliere  is  a  well 
upper  lip  or  **  hypostome" 

As  regards  the  general  structure  of  the  Trilobites,  the 
was  protected  by  a  well-developed  chitinous  shell  or 
which  covered  the  whole  dorsal  surface  of  the  body, 
which  no  appendages  have  ever  been  discovered 
eyes.     The  under  surface  of  the  body  must,  in  many  gen 
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any  rate,  have  been  flexible  and  membranous;  since  many 
species  have  the  power  of  rolling  themselves  up  into  a  hall  like 
the  recent  wooti-lice  {Oniscus).  Other  Trilohites,  however, 
never  seem  to  have  possessed  any  power  of  rolling  u[).  The 
dorsal  crust  usually  exhibits  more  or  less  markedly  a  division 
into  three  longitudinal  lobes  (fig.  103),  from  which  the  name 


W\g-  io> — Morphology  of  Trilobiiei.  i.  Anfelina  Sedgwickii,  Upper  Cumbrian. 
*■  DEasram  of  a  '1  rilobitc  i' after  Salter) :  a  Clabcll.i  with  its  furrows;  hh  Krcc  cheeks, 
bearinjt  the  cye«  {,0t!\  ;  c  c  Fixed  check,  u)clui]inj{  ihc  eye-lube  (<0>  "  Kactal  suture 


of  the  order  is  derived.  In  some  cases,  however,  as  in  the 
genera  Homakmotus  and  JUanus,  this  trilobation  is  only  ob- 
scurely marked.  The  crust  exhibits  a  well-marked  division 
into  three  regions,  which  are  commonly  found  detached  and 
Separate  from  one  another.  These  three  regions  are — i,  a 
cephalic  shield;  2,  a  variable  number  of  movable  "body-rings" 
or  thoracic  segments  ;  and  3,  a  caudal  shield  or  "pygidium." 

The  cephalic  shield  or  buckler  (figs.  103 — -107)  is  generally 
more  or  less  semicircular  in  shape,  and  is  composed  of  a  central 
and  two  lateral  pieces,  of  which  the  two  latter  may  or  may  not 
be  united  in  front  of  the  former.  The  central  portion  of  the 
cephalic  shield  is  usually  elevated  above  the  remainder.  It  is 
leniicd  the  "glabella,'  and  it  protected  the  region  of  the 
stomarh.  The  form  of  the  glabella  varies  a  good  deal. 
Usually  it  is  widest  in  front  (fig.  105),  but  its  width  may  be 
nearly  uniform  (fig.  106),  or  it  may  be  widest  posteriorly,  and 
contracted  in  front,  as  in  Cahmcnc  (fig.  107).  The  glabella 
is  bounded  at  the  sides  by  two  grooves,  which  are  known  as 
the  "  axal  furrows,"  and  is  marked  off  behind  by  a  third 
groove,  which  is  termed  the  "  neck-furrow."  The  surface  of 
the  glabella  may  be  quite  smooth,  but  it  is  ordinarily  divided 
into  lobes  by  grooves,  which  originate  in  the  axal  furrows,  and 
ijass   inwards  towards  tlie  middle  line  (fig.  103,  2).     These 
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furrows  mark  the  position  of  the  segments  which  compose  ihc 
glabella,  and  they  arc  sometimes  continuous  from  side  to  side. 

Usually  there  are  three  pain  of 
these  furrows,  a  lower  or  basal, 
a  middle  or  ocular,  and  an  upper 
or  frontal  furrow  ;  but  there  may 
be  an  additional  pair  of  furrows 
in  front  of  these.  In  some  cases. 
as  in  lilcenus  (fig.  109),  the  gla- 
bella is  very  indistinctly  marked 
off  from  the  rest  of  the  shield. 

At  each  side  of  the  glabella, 
and  continuous  with  it,  is  a  small 
semicircular  area,  which  is 
termed  the  "fixed  check*'  (fig. 
103,  2).  The  glabella,  with  the 
*'  fixed  cheeks/'  is  separated 
from  the  lateral  portions  of  the 
cephalic  shield,  termed  the 
** movable"  or  **free  cheeks." 
by  a  peculiar  suture  or  line  of 
division,  which  is  known  as  the 
"  facial  suture  "  (fig.  103,  3,  tt). 
No  such  peculiar  line  of  division 
is  known  to  exist  in  any  recent 
Cnistacean  ;  but  there  is  a  faint 
indication  of  it  in  Limuius,  and 
some  doubtful  traces  of  it  in  certain  other  forms.  The  course 
taken  by  the  facial  sutures  differs  in  different  cases,  and 
causes  an  important  difference  in  the  structure  of  the  cephalic 
shield.  In  some  cases,  the  facial  sutures,  starting  from  the 
posterior  margins  of  the  buckler,  skirt  the  fixed  cheeks,  and 
join  one  another  in  front  of  the  glabella.  In  these  casci 
it  is  obvious  that  the  free  cheeks  form  a  single  piece,  so  thai 
the  entire  shield  consists  of  but  two  portions — i,  the  glabella 
and  fixed  cheeks ;  and  2,  the  amalgamated  free  checks.  In 
other  cases,  the  facial  sutirres,  instead  of  joining  in  front  of  the 
glabella^  are  continued  forward,  till  ihey  cut  the  anterior  mar- 
gin of  the  shield  separately.  In  these  cases  the  free  cheeks 
are  discontinuous,  and  the  cephalic  shield  consists  of  three 
portions.  In  a  few  genera  (as  in  Triftucleus,  MicrodUcm^  and 
Agnosius)^  the  facial  suture  is  absent. 

The  posterior  angles  of  the  free  cheeks  are  very  commonly 
prolonged  into  longer  or  shorter  spines,  and  they  bear  the 
eyes.     The  eyes  are  compound,  and  consist  of  an  aggregadoo 


Fig.  104.  --rkacopt  (Daimanitei) 
timutunts.  Upper  Silurian. 
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of  facets,  covered  by  a  thin  cornea.  They  are  generally  cres- 
ccntic  or  rcniform  in  shape,  and  are  invariably  sessi/e,  in  the 
sense  that  they  are  never  supported  upon  movable  stalks.  In 
some  cases,  however,  they  are  carried  upon  longer  or  shorter 
prominences.  The  eyes  differ  much  in  size,  and  they  are 
wanting  in  a  few  forms,  such  as  the  little  Agrtosii. 


»i%.  106. — ClUirurmt  /Uur- 
ejcnnthrmuM. 


Fig.  107. — Caiym^tu 
BiutmtHhttckii. 


Behind  the  cephalic  shield  comes  the  thorax,  composed  of 
variable  number  of  segments  which  arc  not  soldered  to- 
gether, but  are  capable  of  more  or  less  movement  upon  each 
other.     The  amount  of  movement  thus  allowed  varies,  but  in 
several  genera  (^.^.,  Calymcne  and  Msrtus)  it  was  sufficiently 
great  to  allow  ot  the  animal  completely  rolling  itself  up  after 
the  manner  of  a  hedpeho^.     The  number  of  body-rings  or 
segments  in  the  thorax  varies  from  no  more  than  Iwo  {A^i^os- 
tus),  to  as  many  as  Xwtnty-six  (//ar/n's  una^uM).     Ordinarily  the 
thorax  (fig.  108)  is   strongly  trilobed,  and  each  body- ring  ex- 
hibits the  same  trilobation,  being  composed  of  a  central,  more 
or  less  convex  portion,  called  the  "  axis,'*  and  of  two  flatter 
side-lobes,  termed  the  "pleune."     The  pleune  are  in  one  piece 
with  the  axis,  but  are  separated  from  it  by  a  more  or  less  pro- 
nounced groove,  the  "axal  furrow."     Each   pleura  is  grooved 
longitudinally  by  a  deep  sulcus,  and  in  many  genera  the  ends 
of  the  pleurae  are  furnished  with  facets,  which  have  smooth 
surfaces,  and  slide  under  the  preceding  pleum,  in  the  act  of 
rolling  up.     In  some  genera,  as  in  lihmus  (fig.  109),  die  axis 
is  very  broad,  the  axal  furrows  are  not  marked,  and  the  trilo- 


]64 


ANNULOSA. 


bation  of  the  thorax  becomes  very  indistiact.     This  is  likewii 
the  case,  but  to  a  less  extent,  in  the  genus  Jlomaionotus. 


Fig.  108.— v4m/Aiiu  Cana^tntis  (Cha^t- 
man),  X.uwcr  Silurun. 


Fig.  i<M.—/J/^rmttt. 
if  Hi  it  (MurchiMn), 
SiUirbn. 


The  caudal  shield  or  **pygidium" — commonly  called 
"tail"— is  composed  of  a  greater  or  less  number  of  segra« 
anchyloscd  or  amalgamated.     Commonly,  the  pygidium  is 


Ktg.  iitx— Glabella  aiiil  p)'gidiuDi  o^ DtAttccffhttiui  ma£n^ficlU,Kiy^c^KC'^ 
(Upper  Cambrian^    After  BiUbfis. 

lobed   (fig.    no),  like  the  thorax,  and  consists  of  a  ccntnJ 
elevated   '*  axis ''   and   of  a  marginal  **  limb."     The  limb  ii 
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>arated  from  the  axis  by  axal  furrows,  and  usually  exhibits  on 
surface  the  lines  which  indicate  the  component  pleurre,  as 
U  as  the  longitudinal  furrows  on  the  faces  of  these.  Theex- 
mity  of  the  pygidium  is  sometimes  simply  rounded;  but  it 
ty  be  prolonged  into  a  shorter  or  longer  spine  or  "mucro," 
d  the  ends  of  the  pleurx  may  also  be  extended  into  spine- 
e  projections  (fig.  i  lo). 

Until  recently,  the  only  structure  which  had  been  discovered 
the  under  surface  of  any  Trilobite  was  a  broad  plate  situated 
front  of  the  mouth,  and  doubtless  corresponding  with  the 
per  lip — "  labrum  "  or  "  h)i)Ostome  " — of  living  Crustaceans 
f.  1 1 1).  The  form  of  this  hypostome  very  closely  resembles 
it  of  the  lip-plale  of  the  recent 
^uSf  one  of  the  Phyllopo<ls.  Quite 
«ntly,  Mr  Henry  Woodward  has 
;cribed  a  specimen  of  Asaphus 
tyccphalus^  in  which,  in  addition  to 
;  lip-plate,  there  is  a  jointed  fila- 
•nt  (fig.  1 1 1,/),  apparently  springing 
m  a  maxilla,  and  being  the  re- 
ins of  a  maxillary  ''palpus."  Mr 
)odward,  who  is  one  of  the  highest 
ng  authorities  upon  the  Crustacea^ 
icludes  that  there  is  no  reason  to 
ibt  that  Trilobites  possessed  an- 
iDse  and  antennules,  mandibles>  and  maxillae,  and  foot-jaws ; 
lugh,  with  the  exception  of  the  above,  no  traces  of  these 
;ans  have  ever  been  detected. 

\lso  recently,  a  specimen  of  the  large  Trilobite,  Asaphus 
fycephahs  (fig.  112)*  has  been  described  by  Mr  Billings  as 
isessing  organs  which  this  distinguished  palieontologist  re- 
ds as  being  the  remains  of  legs.  The  stnicturcs  in  question 
in  the  form  of  eight  pairs  of  apparently  jointed  appendages, 
ich  correspond  with  the  eight  segments  of  the  thorax,  arising 
IT  the  middle  line,  and  curving  forwards.  Mr  Henrj-  Wood- 
rd  corroborates  the  view  propounded  by  Mr  Billings,  that 
se  structures  are  of  the  nature  of  ambulatory  legs.  Pro- 
tors  Dana  and  Verrill,  on  the  other  hand,,  regard  these  re- 
ins as  being  "the  semi-calcified  arches  in  the  membrane 
the  ventral  surface,  to  which  the  foliaceous  appendages  or 
ft  were  attached." 

tVhichever  view  be  adopted  as  to  the  nature  of  this  specimen, 
;eems  tolerably  certain  that  most  Trilobites  cannot  have 
:5essed  limbs  which  were  furnished  with  a  chitinous  exo- 
leton,  and  were  thus  capable  of  being  presen-ed  in  a  fossil 


FiK. 
AMfJfKS     fiatyee^katut.       After 
Woodwaril.      k     Hj-postumc 


III.  —  Buccal    organs   of 


Palpus  ;  m  Maxilla  \t) 
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condition.  The  great  abundance  of  Trllobites  as  fossils,  ami 
their  excellent  preservation,  as  a  general  rule,  render  it  pro- 
bable that  the  limbs  of  most  were  of  a  soft  and  fleshy  nature. 

At  the  same  lirae  it  is 
very  possible  that  sime 
forms  were  possessed  of 
chitinous  jointed  linil», 
as  great  variattoDS  exist 
in  ihe  character  of  ihc 
appendages  even  within 
the  limits  of  a  single 
order.  The  general  view 
which  has  up  to  ihctime 
of  this  discovery  been 
held  is,  that  the  body  of 
the  Trilobite  occupied 
the  median  lobe  of  the 
crust,  commencing  with 
the  glabella  in  front,  and 
terminating  with  the  py- 
gidiumbehind,  whilst  the 
axial  lobes  protected  a 
series  of  delicate,  mem- 
branous respiratory  feet 
It  is  sui>posed,  however, 
by  Mr  Woodward,  thai 
the  branchise  were  bonie 
on  the  under  surface  of 
the  caudal  shield. 
As  regards  the  systematic  position  of  the  Trilobites,  they 
have  very  generally  been  placed  in  ttve  neighbourhood  of  the 
Phyihpoda^  or  of  the  much  higher  order  of  the  Isopoda,  They 
have  been  placed  near  the  Phyllopods  chiefly  from  tlie  posses- 
sion of  numerous  (not  definite)  body-rings,  from  the  resciD- 
blance  of  their  hypostome  to  the  tip-plate  of  the  Phyllopodotts 
genus  Apus^  and  from  their  sui)posed  possession  of  membran- 
ous gill-feet.  The  recent  discoveries,  however,  of  Messn 
Billings  and  Woodward  would  lead  to  the  belief  that  the  Tri- 
lobites,  if  not  actually  belonging  to  the  Isopoda,  have  at  anjr 
rate  closer  affinities  with  this  order  than  -with  any  other.  They 
agree  with  the  Isopods  in  the  possession  of  sessile  compound 
eyes,  in  having  the  abdominal  somites  coalescent,  and  in  some- 
times possessing  the  power  of  rolling  themselves  up  into 
ball.  They  differ,  however,  from  the  Isopods  in  the  very  " 
portant  character  that  the  thoracic  segments  of  the  latter 
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always  definite  and  arc  almost  invariably  sa'ett  in  number.  In 
the  meanwhile,  therefore,  it  is  safest  to  regard  the  Trilohiia  as 
a  peculiar  order,  the  exact  position  of  which  in  the  Crustacean 
class  is  still  undetermined. 

The  general  facts  as  to  the  distribution  of  the  Trilobita  in 
past  time  are  soon  told.  The  Trilobites  are  exclusively  Palaeo- 
zoic, their  range  extending  from  the  Upper  Cambrian  to  the 
Lower  Carboniferous.  If  the  Pahropyge  Ramsayi  of  the  Long- 
mynd  beds  be  a  Trilobite,  then  the  order  has  its  commence- 
ment in  the  Lower  Cambrian,  In  the  Upper  Cambrian  Rocks, 
and  especially  in  the  strata  which  constitute  tlie  "  Menevian 
Group"  of  Salter,  and  the  "  Primordial  Zone"  of  Rarrandc,  is 
a  peculiar  group  of  forms  commonly  spoken  of  as  the  **  Prim- 
ordial Trilobites."  These  belong  mostly  to  the  two  families 
Agnostidtz  and  OienitfiB^  and  to  the  genera  Agtwstus^  Para- 
doxiiiesy  Olmtis,  Dikehct-phalus^  Conocoryphe^  Angdina^  EUipso- 
<ephaius^  ^:c. 

Many  of  these  forms  are  distinguished  by  degraded  char- 
acters, such  as  the  absence  of  eyes,  the  want  of  the  facial 
suture,  the  seginentarion  of  the  glabella,  or  the  multiplication 
or  diminution  of  the  number  of  body-rings.  It  should  not  be 
omitted  to  be  noticed  that  the  singular  tracks  which  have  been 
described  from  llie  Potsdam  Sandstone  (Upper  Cambrian)  of 
Canada,  under  the  names  of  Prot'uhnitcs  and  Climactichniies^ 
are  believed  with  good  reason  to  be  the  tracks  of  Prilobites. 
In  the  Lower  and  Upper  Silurian  Rocks  the  Trilobites  attain 
their  maximum  of  development,  the  leading  families  being  the 
AsaphidiLjPhacopida^  Trinudeufa;,  C/uirurufie^and  Calymenida^ 
and  the  chief  genera  being  Asaphus,  Ogygia^  Phacops,  Trinu- 
deus^  AmpyXy  Chdrurus,  Eticritturus^  Calymmej  and  Homalo- 
notus.  In  the  Devonian  Rocks,  again,  Trilobites  are  tolerably 
abundant,  though  less  so  than  in  the  preceding  series.  The 
commonest  Devonian  genera  are  Phacops^  Homalonotus^  and 
Bronfats.  Lastly,  the  order  seems  to  die  out  before  the  close 
of  the  Carboniferous  period,  being  represented  in  the  Carbon- 
iferous Limestone  solely  by  the  three  genera,  Phillipsia, 
Brachymetopus^  and  Griffithides. 

The  following  gives  the  leading  characters  of  the  more  im- 
portant families  of  Trilobites,  with  a  few  of  the  chief  genera  in 
each  family,  and  the  range  of  the  group  in  time:— 

L.  AcNosTiDvt. — Characterised  by  their  small  size,  the  head 
and  tail  being  covered  by  nearly  equal  and  similar  shields,  and 
the  reduction  of  the  body-rings  to  two  in  number  (fig.  113). 
There  are  no  eyes,  and  the  facial  suture  is  wanting.  The 
family  includes  only  one  well-marked  genus,  viz.  A^nositiS^ 
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which  ranges  from  the  Upper  Cambrian  to  near  the  summit 
of  the  Lower  Silurian  Rocks. 

2.  Olexid^  or  ParadoxiDjE. — Character- 
ised Uy  having  long  bodies,  with  nunw 
free  thoracic  segments  (from  eight  to  ewe 
three  in  number).  The  caudal  shield  is  si 
nnd  generally  consists  of  very  few  segmer 
The  pleurae  are  mostly  prolonged  into  loi 
or  shorter  spines,  which  are  directed  bai 
wards.  The  family  includes  some  of 
largest  of  the  Trilobites,  and  is  mainly 
acteristic  of  the  "  Primordial  Zone  "  (Upper 
Cambrian).     It  occurs,  however,  in  the  loi 


Fig.  113. — Aj^Hattn* 
Princtf^,  ypp«r  Cam* 

urif 


jrion.     AfLcr  Salter. 


rig-  ti^.—PantdaxidetMUmac^),  Upper Cambria]i.     After 

Silurian,  but  appears  to  die  out  in  the  Caradoc  period.    Tht 
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^icf  genera  are    Oletius,  Paradoxides^  Dikdoaphalus^ 
vrypfu^  SaOj  An^e/inti^  and  EUipsoccphalus. 

3,  AsAPHiD.i^. — I^rge  Trilobites,  generally  oval,  and  never 
iimished  with  spines  or  tubercles  on  their  surface.  The  eyes 
mooth,  and  the  facial  sutures  terminating  on  the  posterior 
nargin.  The  cephalic  and  caudal  shields  generally  of  large 
rize,  the  glabella  of  the  former  often  obscure,  and  the  latter 
kometimes  exhibiting  no  indication  of  its  coni])onent  segments. 

"he  body-rings  usually  eight  in  number,  sometimes  more,  rarely 
ewer  (six  in  yEglina). 
The  family  AsaphidcE  is  characteristically  Lower  Silurian 
its  distribution,  commencing  by  a  few  forms  in  the  Upper 
Cambrian,  and  being  hardly  at  all  represented  in  Upper  Silu- 
rian strata.  The  most  important  genera  are  Asaphus^  Ogygia^ 
lUanus^  ^giimi^  Barrandia^  and  Psihceplujlus. 

4.  Trinucleid.e, — -Cephalic  shield  large,  the  posterior  angles 
of  the  checks    prolonged   into  long   spines.     Body-rings  six 

^Bometimes  five  ?)  in  number.    Facial  suture  sometimes  absent 


Fig.  11$.— yWrnK-Z/HX  yoHgerardit  tAHcr  SilurUn. 

^^yinuc/etis) ;  eyes  sometimes  wanting  {Ampyx).     The  Trinu- 
r^ides  are  exclusively  Lower  Silurian,  though  there  are  traces 
their  existence  in  the  higher  portion  of  the  Upper  Cambrian, 
e  only  genera  referred  to  this  family  are  TrinucUus^  -"^'"/^t^i 
d  Dhmide. 

Cheirurid-^. — Cephalic   shield  Mnth    the  facial   sutures 
mating    on   its   exterior    margins.      Hody-rings    eleven, 
eune  with  free  extremities.     Caudal  shield  of  few  segments, 
le  ends  of  these  being  free.     The  family  extends  from  the 
ppcr  Cambrian  to  the  Devonian,  but  it  attains  its  greatest 
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development  in  the  Silurian  period.    The  chief  genen 
C/uirurus,  AmJ>/tioHj  Sphterexochus^  Staurocephalut^  Ddphen^ 
Encritiunts^  and  CyMe. 

6.  Calymen'IDje. — Crust    granulated,    often    tubcrculated 

Body-rings  tliirleen  in  numbo. 
Facial  sutures  ending  at  the 
posterior  angles  of  the  cephalic 
shield.  Body  someiimes  vciy 
indistinctly  trilobed  {Homahno- 
tm).  The  family  appears  to 
commence  at  the  base  of  the 
Ivower  Silurian  scries  or  at  ihc 
summit  of  the  Upper  Cam- 
brian, and  ranges  into  the  D^ 
vonian.  The  only  genera  ait 
Calyment  and  Ilomalowtus^ 
of  which  the  former  is  mark- 
edly trilobed,  but  the  Utier 
very  indistinctly  so  (tig.  n6jL 
The  best -known  species  arc 
Calymcne  Blumaibachii^  whidi 
ranges  from  the  Caradoc  (I.owff 
Silurian)  to  the  Ludlow  Rocki 
(Upper  Silurian),  and  Homa- 
hnotus  di'iphinoccphitlus,  whidi 
is  a  well-known  Upper  Siluhaa 
Trilobite. 

7.    Phacopid^—  "E)is 
largely  faceted,  thecomeacoB^ 
vex  over  each  facet,  fonning,( 
granulated,  not  a  smooth 
Facial   suture   ending 
orly   on  the  outer   margin 
the  cheek.    Thorax  wiih  eh 
rings  "  (Salter).    This  family  includes  the  single  genus,  Ph 
divided  into  the  sub-genera  TrimeroccphahiSy  Phacops,  At 
Chaswops,  Daimartia,  and  Cryphaus.      The  family  Phaco^ 
ranges  from  the  base  of  the  Lower  Silurian  series  (perhaps 
the  Upper  Cambrian)  to  the  summit  of  the  Devonian 
Amongst    the    Upper    Silurian    species   may    be    menlioi 
Phawps  caudatus  and  P.  Dtrumingiis^   as  well-known  fc 
whilst  P,  iatifrons  is  a  familiar  and  widely-distributed  Dcvot 
species. 

8.  LicHADyE. — Cephalic    shield   small,   the   facial    sut 
cutting  its  outer  margins.     Glabella  large,  deeply  fiirroi 


fkttlus.  Upper  Silurian. 
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Body-rings  eleven  in  number.  Pygidium  with  an  undefined 
axis  and  broad  limb.  The  family  includes  the  single  genus 
UcAas,  and  extends  from  the  Lower  Silurian  into  the  De- 
▼onian. 

9.  rROETiD^. — Cephalic  shield  with  the  facial  sutures  not 
uniting  in  front  of  the  glabella.  Body-rings  nine  or  ten  in 
number.     Axis  elongated.     This  family  ranges  from  the  Lower 

.'.n  to  the  Carboniferous.     Besides /Vvr/wf,  this  Gunily  in- 

>  P/ti//t/*sia  and  Griffit hides. 

10.  AciDASPiDvE. — Surface  ornamented.  Body-rings  from 
eight  to  ten  in  number.  The  ends  of  the  pleurae  extended  into 
Knnes,  and  directed  backwards.  Pygidium  of  from  two  to 
three  segments,  small,  furnished  with  prominent  spines.  The 
tijn'is  Acidaspis  ranges  from  the  Lower  Silurian  into  the  De- 
Funian. 

11.  Brovteid.€. — Body-rings  ten  in  number.  Pygidium 
•e,  the  axis  extremely  short,  the  margin  entire.  The  family 
ludes  only  the  genus  Bronteus  (fig.  105),  and  is  confined  to 

je  Upper  Silurian  and  Devonian  Rocks. 

13.  Hakfedid^.  —  Cephalic  shield  horse-shoe-shaped,   its 

teral  angles  greatly  prolonged      Facial   suture  cutting  the 

tenor  margin  of  the  buckler.     Body-rings  numerous,  some- 

imes  no   less    than  t^venty-six  in  number.     Pygidium  small. 

family  comprises  only  the  genus  Harpes,  all  the  species 

which  belong  to  the  Lower  Silurian,  Upper  Silurian,  and 

Ionian. 

15.  CvPHASPiDif:. — Cephalic  shield  with  the  posterior  angles 

lly  prolonged  into  spines,  the  facial  suture  cutting  its  ex- 

lor  margins.     Body-rings  from  ten  to   twenty-twa     Crust 

lulose   or   pitted.     The  chief  genera  of  this  family   are 

Zyfhaspis  and  Auhcoplmra  {Ardhusina)^  the  fonncr  ranging 

the  Lower  Silurian  to  the  Devonian,  the  latter  exclusively 

led  to  the  Silurian  series. 


Order  Merostomata. 

CrustaaanSy  often  of  large  sizc^  m  which  the  mouth  is  furnislud 
th  mandibUs  and  maxUits,  the  terminations  of  which  beeome 
iking  or  swimming  feety  or  organs  of  prehension  (figs,   117, 

The  order  Merostomata  comprises  the  two  sub-orders  of  the 
Xiphosura  and  Eurypterida,  The  former  appears  to  have 
imenced  its  existence  in  the  Upper  Silurian  period,  and  is 

>rc&ented  at  the  present  day  by  the  Limuli  or  King-crabs. 
ric  latter  is  wholly  extinct,  and  is  exclusively  Palaeozoic,  none 
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of  its  members  being  known  out  of  the  Silurian,  Devonian,  am! 
Carboniferous  formations. 


Tie.  117.— Xiphmura-  Liimdta^y- 
pktfpms,  vicwcti  frum  Iwluw.  c  The 
Cepimli'T  shirrlil  carrying  the  wssllr  eyes 
upon  it*  upper  i^urfacc  ;  c  "  OpcrcuUim," 
covering  the  reprodiiclivc  organs;  b 
Branchial  plates  ,  n  First  pair  of  aiilcn.' 
nac  (antcniiulcs)  ending  m  chelae  Flclow 
these  is  the  apcrlurc  of  the  mouth  suf" 
rounded  by  inc  spiny  bases  of  ihe  re- 
moinitiK  five  pain  nf  appcnd.nee«,  which 
are  rcganJed  by  WmHjwanl  a»  licing 
respectively,  from  before  backwarKifi,  the 
peat  (iDtcTiTiE.  the  ntandibkN  the  firt»l 
maxilla:,  the  M-cond  nui>:itlx,  and  »  pair 
of  maxillipedcB.  All  have  their  extremi- 
ties chelate. 


Fisr-    118.— EurypicffMa.      Pfcf 

Woiiaward).     r  c    ChclMe 
0  f  Eycft,  situated  al  the  «r 

Eio  of  the  carapace ;  wr  Mr  llie 
le^  and  the  firtt  and  tvcood 
M  M  The  maxillipcdcn  ~.  the  baalatf* 
gins   o(  these    arc  <KcrTaie<I.   adJ  m 
drawn  as  if  aeen  ihro.i^H  i^r  ocuf 
toma  or  pott  •oral  |>1  '  - 
aSk  a   lower  lip.      Itr- 
this  is  seen  the  open  . 
plate,  which  covers  dte  ini;  in-~* 
thoracic  somites.      BehiMl  ihiftMBti* 
thontcic  and  five  aUxlominAl  loMi^ 
and  lastly,  tlierc  U  the  telaoa  (/). 


[ 


Sub-order  I. — Eurypterida. 

"  Crustacea  wUh  numerous,  free^  ihoracieo-ahdomirta/ s/gmeitt^ 
the  first  and  second  (?)  oftvhich  bear  one  or  more  broad  tamdkt 
appendages  upon  their  ventral  surface^  the  remaining  sepn*'^ 
being  dermoid  of  appendages;  anterior  rings  united  into  a  carii 
bearing  a  pair  of  larval  eyes  (ocelli)  near  the  centre^  and  a^ 
large,  marginal,  or  sub-central  eyes  ;  the  mouth  fumishid 
broad  post-oral  plate,  or  metastoma,  and  fti^  pairs  of 
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^'ptnda^es^  the  ffosttrior  of  which  form  great  srvimmin^fed ;  the 
mfffHf  or  terminal  segment ^  extremely  variable  inform;  the  in- 
^egutft^nt  characteristically  sculptured.^'' — (Henry  Woodward.) 

In  the  typical  Eurypterids^  such  as  Ptery^otus  (fig.  xi8)  and 
"Burypterus^  the  anterior  portion  of  the  body  is  covered  by  a 
buckler  or  carapace,  which  bears  a  pair  of  minute  larval  eyes, 
fcnd  a  pair  of  large  compound  eyes  jjlaccd  marginally  or  sub- 
pentrally.  On  the  under  surface  of  the  carap.ice  are  five  pairs 
i>f  appendages.  The  first  pair  of  these  is  usually  regarded  as 
representing  the  antenna;.  The  appendages  of  this  pair  are 
inostly  chelate,  or  converted  into  nipping-claws,  but  they  are 
Sometimes  simple,  and  ihey  sometimes  are  spinous  towards 
their  bases,  and  officiate  as  masticator^'  organs  {Euryptcrus 
ind  Slimonia).  The  next  three  pairs  of  appendages  are  sirajjly 
pointed  spinous  organs  ("pcdipal]>s  "),  but  the  last  pair  is 
lometimes  converted  into  rowing-organs  (Styloiturus),  The 
bist  pair  of  appendages  constitvite  two  greatly-developed 
iwimming-feet,  the  bases  of  which  are  furnished  with  spines, 
End  form  powerful  jaws.  The  bases  of  these  jaw-feet  are  covered 
by  a  greatly-developed  post-oral  plate  or  "  metastoma."  Be- 
hind the  head  come  thirteen  free  segments,  counting  the  telson 
fts  one.  The  first  two  of  these,  immediately  behind  the  cara- 
pace, are  covered  below  by  a  thoracic  plate  or  '*  operculum," 
(rhich  doubtless  protcctc<l  the  reproductive  organs.  The 
Mher  somites  carry  no  appendages,  though  it  is  probable  that 
^me  of  them  bore  membranous  branchiae.     The  "  telson  "  or 

trminal  segment  of  the  abdomen  (fig.  118,  /),  is  sometimes 
nceolate  or  bilobate,  as  in  Pterygotus  and  Slimonia^  or  some- 
lines  narrow  and  sword-shaped,  as  in  Euryptcrus  and  Stylon- 
\nts.  The  surface  of  the  crust  is  sculptured  over  the  greater 
trt  of  its  extent,  with  characteristic  markings,  which  look 
tomething  like  the  scales  of  an  ordinary  Bony  fish.  These 
P  scale-marks,"  however,  are  often  wanting  over  parts  of  the 
briace. 

'  The  Eurypterids  range  from  the  Upper  Silurian,  where  they 
Ittain  their  maximum,  through  the  Devonian,  into  the  Car- 
Kmiferous  Rocks,  where  they  appear  to  die  out.  Traces,  how- 
jver,  of  these  large  Crustaceans  are  by  no  means  wanting  in 
be  Lower  Silurian,  though  as  yet  undescribed.  Of  the  typical 
tenera,  Pterygotus  extends  from  the  Upper  Silurian  to  the 
Jpper  Devonian,  and  species  of  this  genus  seem  to  have 
^ined  a  gigantic  size.  (Pterygotus  Anglicus  is  calculated  to 
Rvc  reached  a  length  of  six  feet,)  Slimonia  is  Upper  Silurian, 
nd  Stylonums  is  both  Upper  Silurian  and  Devonian,  Euryp- 
trus  is  not  known  in  the  Siluriaji,  but  is  represented  by  many 
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species  in  the  Devonian,  antl  extends  into  the  Carbonifcroni 
Rocks.  Hoftiaspisy  with  only  nine  segments  and  the  tclson 
behind  the  carapace,  is  exclusively  Upper  Silurian.  lA«k, 
PseudoTiiscttSy  with  the  same  number  of  free  segments,  is  fwrnd 
in  the  fjassage-beds  between  the  Upper  Silurian  and  Devonian. 
In  conclusion,  it  is  interesting  to  note  that  these  ancicat 
Crustaceans  present  many  larval  features,  resembling  thelan« 
of  the  Decapoda^  especially  in  the  fact  that  the  hinder  portion 
of  the  body  is  composed  of  free  segments,  which  carry  no 
appendages.* 


Sub-order  II.— Xiphosura  (Padlopoda). 

'*  Crustacea  having  the  anterior  segments  tveidetl  together  to 
form  a  broad  convex  buckler^  upon  the  dorsal  surface  of  which  art 
placed  the  compound  eyes  and  ocelli;  the  former  sub-centrally,  thi 
latter  in  the  centre  in  front.  The  mouth  is  furnished  %u  it h  o  itttoB 
labrum.  a  rudimentary  metastoma^  and  six  pairs  of  appendit^. 
Posterior  segments  of  the  body  more  or  less  free,  and  bearing  vfft 
their  ventral  surfaces  a  series  of  broad  lamellar  appendages;  the 
telson,  or  terminal  segment,  enstform." — {Henry  Woodward.) 

The  only  living  members  of  the  Xiphosura  are  the  LtmuU^ 
commonly  known  as   King  crabs  or  Horse-shoe  Crabs.    The 
anterior  portion  of  the  body  is  covered  by  a  broad  hoRe-sho^ 
shaped  buckler  (fig.  117),  the  upper  suri'ace  of  which  bears  a  piir 
of  larval  and  a  pair  of  compound  eyes.     On  the  lower  surfwt 
of  the  carapace  is  placed  the  aperture  of  the  mouth,  surrouad<4-) 
by  six  pairs  of  limbs,  the  ba.ses  of  which  are  spinous,  aoA 
officiate  as  jaws,  whilst  their  terminations  are  converted  into 
chela;  or  nipping-claws.     The  first  pair  of  appendages  is  placed 
in  front  of  the  mouth,  and  represents  the  antennae,  so  th.it  tKe 
antennie  of  the  King-crabs  are  chelate.     Behind  the  cephalic 
buckler  comes  a  second  shield,  composed  of  six  amalgamaieA 
segments,  below  which  are  carried  the  reproductive  organs  an^ 
branrbin^,  the  former  protected liy  a  thoracic  plate  or  "opct'^ 
culum,"  the  latter  borne  by  five  pairs  of  lamellar  appendages^ 
T,astly,  articulated  to  the  posterior  margin  of  the  abdomij^ 
shield,  is  a  long  sword-likc  spine  or  "telson"  (fig.  117,/). 

The  Xiphosura  seem  to  have  commenced  existence  in  th* 
Upper  Silurian  period,  where  they  are  represenieti  by  tlw 
Neolimulus  falcatus  of  Mr  Henry  \Voodward.     With  this 


*  The  student  desirous  of  fuller  information  on  this  mbjcct.  u   o^ 
Xiphosura   also,  should  consull  the    excellent    memoirs  by  Mr     Ifg 
Woodward,  and  e«pecinlly  his  niouograph  uf  the  M  crostomata,  pu 
*)y  the  Palaeontographical  Society. 
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I),  however,  no  Limuloid  Crustaceans  are  knowTi  till  the 
niferous  Rocks  are  reached.  Here  we  have  the  two 
I  Presttvkhia  and  Beiinurus,  the  former  represented  by 
he  latter  by  four  species.  In  Prestwichia  (^g.  119),  the 
ic  and  abdominal  segments  are  not  separable  from  one 
•r,  and  the  former 
ichylosed  or  amal- 
cd,  as  well  as  the 

XviBeiinurus  there 
e  thoracic  and  three 
linal  segments  (as 
preceding),  but  the 
dc  somites  are  free 
lovable,  whilst  the 
oinal  ones  arc  an- 
ted. The  only  other 

of  the  Xiphosura 
mtdus  itself.     This 

is  represented  by 
doubtfully  here  re- 
e  as  early  as  the 
ian    Rocks.       An- 

dubious  form  oc- 
1  the  Trias.     Seven 

s  have  been  described  from  the  Lithographic  slates  of 
hofen  (Middle  Oolites).  One  doubtful  form  occurs  in 
halk,  a  single  Tertiary  species  has  been  described,  and 
pecies  are  known  as  existing  at  the  present  day. 


Fig.  119. 


'Prfitxmchitt  {Limntui)  ratmndata, 
Coal-M  euurcK. 


CHAPTER  XVI. 
CRUSTA  CEA— Concluded, 


Malacostraca. 


Malacostracous  Crustaceans  are  distinguished  by  the 
ision  of  a  definite  number  of  body-segments,  seven 
rs  generally  going  to  make  up  the  thorax,  and  an  equal 
cr  entering  into  the  composition  of  the  abdomen  (count- 
le  telson  as  a  somite).  The  Malacastraca  are  divided 
.■wo  primary  sections,  termed  respectively  Edriophihai- 
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mafa  and  Podophthalmata^  according  as  the  eyes  are  sessfle  a 
are  supported  upon  eyestalks. 

Division  A.  EDRioriiTHALMATA. — ^The  division  of  the 
Sessile-eyed  Crustaceans  comprises  those  Alalaiostraa  in 
which  the  eyes  are  not  supported  upon  stalks  or  peduncles* 
and  there  is  mostly  no  carapace.  The  eyes  are  soinetimes 
compound,  sometimes  simple,  and  are  placed  on  the  sides  of 
the  head.  The  head  is  almost  always  distinct  from  the  body; 
ami  there  are  typically  seven  pairs  of  feet  in  the  adult 
(Hence  the  name  of  Tiiradccapoda  applied  lo  this  division  by 
Agassiz.)  The  Jidriophthalmaia  include  the  orders  LtOMdi- 
poda^  Amp/iipoda,  and  Isopoda,  of  which  the  two  latter  ire 
alone  known  in  a  fossil  condition,  whilst  the  last  is  theo&lj 
one  of  any  importance. 


Order  AarpHiPODA. 

Sma/i  Crustaceans  in  which  the  respiratory  organs 
form  of  membranous  vesicles  attachat  to  the  bases  of  the  t 
limbs.     Abdomen  well  devehpedy  and  composed  of  seven  Si 
Se7rn  pairs  of  thoracic  limbs. 

The  most  familiar  recent  forms  of  the  Amphipoda  are"! 
"fresh-water  Shrimps"  ( Gam  man^s)^  the  Sand-hopften  ( 
trus),  and  the  Shore-hoppers  (Orchestia).  The  oldest  r 
sentative  of  the  order  is  a  doubtful  form,  which  has 
described  by  Mr  Woodward  from  the  Upper  Silurian  % 
under  the  name  oi  Arcrogamman/s.  The  Carboniferous 
Gampsonyx  has  been  referred  here,  but  is  more  properly 
amongst  the  Stomapoda.  There  are  no  other  fossil  Amp 
of  any  importance. 

Order  Isopoda. 

Crustaceans  in  which  the  head  is  distinct  from  the  st^ 
bearing  the  first  pair  of  feet.     The  eyes  arc  compound  and. 
There  are  usually  seven  pairs  of  thoracic  appendages,  borne 
saeii  movable  segments.      The  animal  sometimes  has  the 
of  rolling  into  a  ball.     The  abdominal  segments  are 
and  form  a  broad  caudal  shield^  beneath  which  the  bronchia  \ 
carried. 

Of  the  living   Isopods,  some   {Bopyridce)  are  porasii 
their  adult  condition  upon  other  Crustaceans.     Others,  sucb- 
the  common  Wood-lice  {Oniscus\  live  habitually  upon  the  Ul 
Others,  again,  are  littoral  in  their  habits,  or  frequent  the  sal 

The  oldest  known  Isopod  is  a  large  form  which  has  U 
described  by  Mr  Henry  Woodward  from  the  Devonian  Roi 
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Fig.  iM. — An-hircthcHS  Brvtfin. 
A  fossil  Isopod,  from  the  Upper 
Oulilci. 


der  the  name  of  Prcearcfums,  It  is  believed  to  resemble 
e  Ii\nng  Arriurus  Baffinsii,  From  the  Carboniferous  Rocks 
Jsopod  has  been  described  under 
e  name  of  Acanthoielson.  In  the 
ermian  Rocks  we  have  the  genus 
Vosoponiscus,  which,  liowever,  has 
een  referred  to  the  Amphipoda. 
the  Upper  Oolites  (Purbeck 
ds)  occurs  the  Arc)uzoniscus 
'rodUi  (fig.  120),  often  in  large 
umbers.  In  the  Chalk  occurs  the 
enus  Pii/agitj  which  ranges  to  the 
iocene  Tcrtiar}'.  Lastly,  several 
rms,  some  of  which  are  of  very 

certain  affinities,  have  been  described  from  the  Tertiary 
Rocks. 

Division  B.  Podophthalmata.  —  The  members  of  this 
division  are  Malacostracous  Cmstaceans,  in  which  the  eyes 
ire  compound,  and  are  supported  upon  movable  stalks  or 
>eduncles,  and  the  anterior  portion  of  the  body  (rephalo- 
horax)  is  protected  by  a  carapace.  In  this  division  are  in- 
cluded the  two  orders  of  the  Stomapoda  and  Decapoda. 


Order  Stomapoda. 

Staik'fyed  Crusiacmns  in  which  there  are  generally  from  six 
io  eight  pairs  of  legs,  and  the  branchite  arc  not  enclosed  in  a  cavity 
beneath  the  thorax,  but  are  either  suspended  beneath  the  abdomen^ 

\  more  rarely^  attac/ied  to  the  thoracic  legs. 

Of  the  living  Stomapods  the  best-known  forms  are  the 
Locust-shrimps  (S/ui/la),  the  Glass-shrimps  (Erichthys),  and 
the  Opossum-shrimps  {Mysis).  The  earliest  known  example 
of  the  Stomapoda  is  the  Gampsonyx  Jimbriatus  of  the  Carboni- 
ferous Rocks;  and  the  Pygoccpkalus  Couperi  of  the  same 
formation  is  also  probably  to  be  referred  to  this  order.  The 
[enus  S(/uilla  itself  does  not  ai)])car  to  be  represented  in  rocks 
rtder  than  the  Eocene  Tcrtiar>'. 

Order  Decapoda. 

Crustaceans  with  fife  pairs  of  ambulatory  legs,  of  which  the 
•st  pair  is  modified  to  form  nipping-claws^  some  of  the  other 
urs  behind  this  being  often  chelate  as  well.      There  is  a  large 

\haiothora(ic  carapace^  and  the  branchicB  are  contained  in  cavi- 
at  the  sides  of  the  thorax, 

M 
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The  order  Decapoda  includes  the  highest  forms  of  the  entirs 
class  of  the  Crustaceans,  such  as  the  Lobsters,  Ilennit-crabs, 
and  Crabs,  and  it  is  divided  into  the  following  three  tribes:— 

Tribe  I.  Macrura. — The  members  of  this  tribe,  such  as 
the  Lobsters,  Shrimps,  Prawns,  and  Cray-fish,  have  a  long  and 
well-developed  abdomen,  the  posterior  extremity  of  which 
forms  a  powerful  natatory  organ  or  caudal  fin.  This  is  con- 
stituted by  a  greatly-expanded  pair  of  natatory  appendages 
("swimmerets")  borne  upon  the  last  segment  but  one  of  the 
abdomen,  between  which  is  placed  the  last  segment  or  "let 
son. 

The  Afacrurotis  Decapods  are  unquestionably  of  a  lower 
type  than  the  Brachyurous  Decapods  or  Crabs ;  so  that  it  is 
no  matter  of  surprise  to  find  that  the  former,  so  far  as  i$ 
known,  have  enjoyed  a  vastly  higher  antiquity  than  the  latter. 
The  Brachyura  are  not  known  in  deposits  older  than  the 
Oolites.  The  Macrura^  on  the  other  hand,  were  in  existence 
before  the  close  of  the  Palaiozoic  period.  In  the  Caiboni- 
ferous  formation  we  have  several  forms  of  Prawn-like  Crusta- 
ceans belonging  to  the  genus  Anthrapalamon  (or  Anthracenes 
iaftwn)^  of  which  a  species  is  figured  below  (fig.   121).    In 


fls-  y^r.—AHtkrapaUtmamStdUri,  Carbonireraas.     [After Salter) 


the  Permian  Rocks  no  Macrurous  Decapods  are  known 
occur.      In  the  Trias,  examples  of  the  genera  GaJaUa 
Litogaster  have  been  delected,  and   other  forms  have 
alleged   to   occur.      In   the  Jurassic   and   Cretaceous 
"Long-tailed"   Decapods  are  extremely  abundant,  and 
often  beautifully  preserved.      Amongst  the  more  reniarl 
isic  genera  may  be  mentioned  Eryon  (fig. 
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trhich  commences  in  the  Lias,  but  attains  its  maximum  in  the 
Middle  Oolitic  strata,  being  especially  abundant  in  the  fine- 
grained Lithographic  Slates  of  Solenliofen.  In  this  singular 
genuSf  the  carapace  is  large  and  broad,  and  nearly  quadrate  in 
figure,  whilst  the  antenna;  are  very  small.  Anotlier  singular 
genus  from  the  Solenhofen  Slates  is  Afe^achirus,  in  which  the 
first  j>airoflegs  is  enormously  elongated,  but  not  terminated 
by  chelx.  In  the  Cretaceous  Rocks  are  numerous  Miicrourans, 
belonging  to  the  genera  Meycria^  Enophdytta^  Ilopioparh^  &c. 
In  many  parts  of  the  Tertiary  series,  especially  in  tlie  London 
Clay  (Eocene),  are  numerous  remains  of  Macrura^  some  of 


Fis-  isL— f  »7wi  mnti/'trmii^  Middle  Uoliic*  ',S<^e&horen  Slate«]. 

which  have  been  referred,  with  more  or  less  doubt,  to  such 
living  genera  as  Astacus  and  FaUnttrm. 

Tribe  II.  Anomura. — The  Anomurous  Decapods  are  dis- 
tinguished by  the  condition  of  the  abdomen,  which  is  neither 
80  well  developed  as  in  the  Afacrura^  nor  so  rudimentary  as  in 
the  Brachyura,  The  abdomen  does  not  take  any  part  in 
locomotion,  and  does  not  terminate  posteriorly  in  a  caudal 
fin.  The  penultimate  segment  of  the  abdomen,  however,  is 
Xiiosily  furnished  with  more  or  less  well-developed  appendages. 
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The  best-known  living  Anomura  are  tlie  Hermit-crabs  or  Sol- 
dier-crabs (Pagiiriiia:),  the  Crab-lobsters  i^Porcdlanct)^  and  the 
Sponge-crabs  {Dromid). 

The  Anomura  are  of  small  importance  as  fossils.  They 
commence  in  the  Secondary  period,  a  few  forms  having  been 
described  from  the  Ooh'tes,  and  a  greater  number  from  the 
Cretaceous  Rocks.  In  the  Tertiary  period  Anomurous  Cras- 
taceans  are  not  uncommon  \  and  the  genus  Pagurus  itself 
appears  to  be  represented  in  the  Red  Crag  (Pliocene).  The 
DromiiiUs  of  the  London  Clay  is  supposed  to  be  related  to 
the  living  Dnmtia, 

Tribe  III.  Brachvx'ra.— The  "Short-Ulled"  Decapods 
or  Crabs  are  distinguished  by  having  a  rudimentary  abdomen, 
which  is  lii<:kcd  up  beneath  the  cephalothorax.  The  carapace 
is  usually  very  large,  and  the  extremity  of  the  abdomen  is  not 
provided  with  any  appendages.  Most  of  the  Crabs  are  littoraJ 
in  their  habits,  and  have  legs  formed  for  walking.  Others  are 
adajned  for  swimming,  and  the  Land-crabs  habitually  live 
inland. 

As  before  remarked,  the  Brach)airous  Decapods  arc  madi 
later  in  tlieir   appearance   than  the   Ma^rura.      The  oldc* 

known  Crab,  at  present,  it 
the  PalcBtmuhus  longipfs,  (^^ 
scribed  by  Mr  Henry  Wood- 
ward from  the  Forest  Marble 
(Lower  Oolites).  In  tlie 
Cretaceous  series  Crabs  in  j 
tolerably  abundant,  one  Cr 
taceous  form  belonging 
the  recent  genus  Caruer. 
the  Tertiary  Rocks,  and 
pecially  in  the  London 
(Eocene),  remains  of 
occur  in  profusion, 
chief  Tcrtiar)'  genera 
'ianthopsis,  XanihoUtes^  Cancer  {^g.  123),  Grapsus^  and 


Fig.  133.— Cflwrr/  {Car/iUitu)  macrtxAt/tu, 

Tertiafy. 
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CHAPTER  XVII. 

IKACHNIDA,  MYRIAPODA,  AND  INSECTA, 

Class  Arachkida. 

HB  Artu/mida  are  Ariicuhie  animals^  in  which  the  respiratory 
•gof^s,  tvhen  praent^  are  in  the  form  of  pulmonary  chambers  or 
\cSj  or  of  ramified  tubes  ("  traehea'*)  farmed  by  an  involution 
^  the  integument  and  fitted  for  breathing  air  directly ;  or  both 
\£Se  organs  are  contbmed.  In  no  case  are  the  breathing-organs  in 
]£  form  of  gills.  There  are  four  pairs  of  locomotive  limbs^  and 
lere  are  no  limbs  attached  to  the  segments  of  i lie  abdomen.     There 

only  one  pair  of  antenna^  and  these  are  not  presetit  as  anietmiF^ 
it  are  converted  into  jaws  or  pincers.  The  head  is  amalgamated 
*iih  the  thorax  to  form  a  cepluilothorax,  the  eyes  are  sessile,  and 
\e -in teguments  are  more  or  less  chitinous. 

The  Arachnida  are  mainly  distinguished  from  the  Crustacea* 
Y  the  absence  of  gills,  and  the  general  presence  of  organs 
lapted  for  breathing  air  directly.  They  are  distinguished 
oin  the  Insects  by  the  possession  of  four  pairs  of  legs,  by 
ever  possessing  wings,  and  by  having  simple  eyes,  whilst  the 
ead  is  amalgamated  with  the  thorax.  From  the  Myriapods 
icy  are  distinguished  by  the  fact  that  the  legs  of  the  latter  are 


-A  recent  Scorpion  (reduced)     The  Kreat  iuDpin^-claw&  of  ttie  bcur|>iuii  arc  not 
leg«,  but  arc  a  dcvclopmciit  uT  organs  bcluDging  to  the  inouth. 

ever  less  than  nine  pairs  in  number,  whilst  the  segments  of 
tc  thorax  are  distinct  from  one  another  and  from  the  head, 

•  Van  Bcnedcn  would  refer  the  Trilohilcs,  King-cmbs,  and  Eurypterids 
the  Arachnida^  bul  such  a  radical  chani;c  must  be  supported  by  over- 
evidence  before  it  con  be  accepted. 


ticlming  evidence  be 
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and  the  segments  of  the  abdomen  carry  legs.  As  is  the 
with  all  the  air-breathing  Articulates,  the  remains  o(j4i 
though  of  considerable  theoretical  interest,  are  of  very  rare 
occurrence  as  fossils.  Tliey  will  therefore  be  very  briefly 
noticed  here.  Of  the  groups  of  the  Arachnida^  the  Mites 
{Acarida),  the  Harvest-spiders  {Ph{iJaftgidce),x\ic  Book-scorpions 
{PsatdoscorpionUlic)^  the  Scorpions  {Paiipiiipi)^  and  the  tnie 
Spiders  {Aranada)^  have  all  been  detected  in  a  fossil  conditioa 
The  three  first  groups  require  no  consideration  here,  being 
almost  unknown  except  as  occurring  in  amber,  which  is  a  fossil 
resin  of  late  Tertiary  age.  The  Scorpions  and  Spiders  both 
appear  to  have  come  into  existence  in  the  Carboniferous  period, 
and  the  forms  which  then  existed  do  not  appear  to  have  been 
strikingly  different  from  living  types. 

Order  PrniPALPi. — The  typical  members  of  this  order  ait 
the  Scorpions  (ScorpionidiE),  in  which  the  abdomai  is  dist 


Fig.  xt^'—Cytlophthalmus  sritiar.    A  fu&xil  Scorpion  frvm  the  C'oal<oicamT«fe  ol 


segmented^  and  not  separated  from  the  thorax  by  any  marked  aih\ 
striciion.     The  resjjiratory  organs  are  in  the  form  of  pulmoasiy^ 
sacs  opening  on  the  under  surface  of  the  abdomen  by  distinct 
apertures  or  "stigmata.''     The  jaws  (maxilke)  carry  an  caor- 


MYRIAPODA.  183 

ed  pair  of  nipping-claws  (fig.  124),  and  the 
antennas  are  also  converted  into  chela*.  The  head  carries  six, 
eight,  or  twelve  simple  eyes,  and  the  last  joint  of  the  abdomen 
(telson),  terminates  in  a  hooked  claw,  perforated  for  the  trans- 
mission of  the  duct  of  a  poison^land. 

As  regards  their  distribution  in  time,  the  Scorpions  com- 
mence in  the  Carboniferous  period,  where  they  are  represented 
by  the  genera  ILoscorpius  and  Cychphthaimus.  The  most 
celebrated  fossil  Scorpion  is  the  Cychphihahnus  senior  (fig.  125) 
of  the  Bohemian  Coal-measures.  This  remarkable  form  re- 
sembles the  living  Androctomis  in  having  twelve  eyes,  but 
these  arc  disposed  in  a  circle,  whereas  in  the  latter  there  are 
six  eyes  on  eacli  side  of  the  head. 

Order  Araneida. — This  order  includes  the  true  Spiders, 
which  are  characterised  by  the  amalgamation  of  the  head  and 
thorax  into  a  single  mass,  to  which  thf  generally  soft  and  unseg- 
mented  abdomen  is  tittac/ied  by  a  constricted  portion  or  peduncle. 
Respiration  is  effected  by  pulmonary  sacs  in  combination  with 
air-tubes  (tracheae).  The  head  bears  from  six  to  eight  simple 
eyes. 

The  oldest-knoivn  Spiders  occur  in  the  Carboniferous  Rocks. 
[n  the  Coal-measures  of  Upper  Sile.sia,  Romer  has  described  a 
Spider,  which  is  allied  to  the  living  Lyeosit^  and  which  he  has 
termed  Protolycosa  anthracophila.  Other  fossil  Spiders  have 
[>ecn  described  from  the  Lithographic  Slates  of  Solenhofen 
[Middle  Oolite),  and  from  the  Tertiary  Rocks,  and  a  good 
ly  species  occur  presen'cd  in  amber. 
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ic  Mynapods  are  Artiadate  animals  in  ivhich  the  head  is 
iistinci^  and  the  remainder  of  the  body  is  divided  into  nearly 
similar  segments.  There  is  no  marked  boundary-litte  between  the 
)horax  and  abdomen^  and  the  segments  of  the  latter  carry  locomotive 
Bnvr^x.  There  is  one  pair  of  jointed  antatnce^  and  the  number  of 
tnr  is  always  more  than  eight  pairs.  /Respiration  is  effected  by 
^kv^  {triicAece). 

^^Tie  living  Myriapods  are  divided  into  the  three  orders 
ChUopcda,  Chilognatha^  and  Pauropoda.  In  the  Chilopoda  are 
the  Centipedes,  characterised  by  their  masticatory  mouth,  and 
tamivorous  habits,  by  the  possession  of  legs  in  single  pairs 
[usually  from  fifteen  to  forty  pairs),  and  by  having  antenna;  of 
from  fourteen  to  forty  or  more  joints.  In  the  Chilognatha  are 
the  Millipedes  and  Gallyworms,  characterised  by  their  vege- 
;anan  habit£,  by  having  the  segments  of  the  body  so  amal- 
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gamated  that  the  legs  appear  to  be  arranged  in  double  pairs, 
and  by  having  antennae  of  six  or  seven  joints.  In  llic  Pduro' 
poda  IS  the  single  genus  Pauropus,  cliaracterised  by  having 
only  nine  pairs  of  legs,  and  the  antenna;  bifid,  with  three 
long  multi-articulate  appendages. 

The  oldest-known  Myriapods  occur  in  the  Coal-measnrcs» 
the  two  best-known  genera  being  Xyhbius  and  Archinhs. 
These  genera,  belong  to  the  order  ChUognathay  and  comprise, 
therefore,  vegetable-feeders.      In  Xyiobius  (fig.   127)  the  seg- 


)-^*\ 


Fig.   \rf.—Xyhbitia  Sigiltaridr,  a  Carboniferous  Myriapod.       (After  Da< 
a.  Natural  ujtc  ;  if,  Autcriur  {wrtioo,  «tlar]gctt ;  f,  FuAlcrior  poruao.  cdIh] 


mentsare  divided  by  cross  sutures  into  numerous  fragments,] 
a   manner  wholly  unknown  amongst  recent   forms.    Seve 
species  of  this  genus  are  known,  of  which  tlie  one 
above  derives  its  specific  name  from  the  fact  that  it  is  foi 
in  the  hollow  trunks  of  Sigi/faria.      It  must  have  poss< 
like  the  living  Gallywonns,  the  power  of  rolling  itself  up 
a  ball  (Dawson).     In  the  allied  genus  Archiulus^  the  segmi 
are  not  broken  up  into  fragments,  as  they  are  in  . 
The  characters  of  both  these  genera  are  so  peculiar  that 
have  been  placed  in  a  separate  family  under  the 
Archiuiida.     Other  Myriapods  have  been  discovered  in 
Carboniferous  Rocks  of  North  America  and  Britain,  and 
been  referred  to  the  genus  Eupfwberia,     The  true  pi 
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tbese  is  uncertain,  and  they  seem  to  have  possessed  the 
anomalous  character  of  a  row  of  dorsal  spines.  In  the  Litho- 
graphic Slates  of  Solenhofen  (Middle  Oolites)  occur  the 
remains  of  an  animal  which  is  referred  to  the  Myriapoda  by 
Count  Miinster,  under  the  name  of  Gtophilus proavus.  Other 
M>Tiapods  have  been  described  from  Tertiary  strata  and  from 
amber. 

Class  Imsecta. 

■ 

The  Insects  qx^  Articulate  Animaisy  in  w?iich  the  head^tkoraxy 
and  abdomen  are  distinct  from  one  another.  The  thorax  consists 
0/  three  segments,  each  0/  which  carries  a  pair  of  tegs.  Mostly 
there  are  tioo  pairs  of  wings  borne  by  t/i€  ttoo  hinder  segments  of 
thr  t/wrax.  The  abdomen  never  carries  locomotive  timbs^  but  the 
last  abdominal  segments  may  carry  reproductive  {n"  sensory  appen- 
dages. A  single  pair  of  jointed  antenna  is  present,  and  the  eyes  are 
geru^ally  compound.   Respiration  is  effected  by  air-tubes  (trachea;). 

As  regards  the  general  distribution  of  the  Jnsecta  in  time, 
the  oldest-known  fonns  are  from  the  Devonian  Rocks  of  North 
America.  Here  occur  the  remains  of  several  insects  which 
belong  to  the  order  of  the  Neuropterous  Insects  (or  to  the 
Psentdo-neuroptera).  Amongst  the  most  remarkable  of  these  is 
the  Platepliemera  antiqna  of  Mr  Scudder  (fig.  i^S).  This 
species  must  have  attained  a 


Sim 


Fig.  laS.— Wing  of  PlaUpkemfrA  OHtiyiui 
(after  DawHti,',  Devoaiaa, 


large  size — five  inches  in  ex- 
panse of  wing — and  it  is  re- 
garded by  Mr  Scudder  as 
being  referable  to  the  J£phc~ 
mertdtt  (the  May-flies).  This 
enninent  authority,  however, 
regards  it  as  a  "synthetic 
type  \ "  that  is  to  say,  as  a 
form  combining  peculiarities 
of  structure  which  are  now 
onlyfound  indifferentgroups. 

Three  other  genera  belonging  to  the  Natroptera  have  been 
described  from  the  Devonian  Rocks  of  North  America,  under 
the  names  Homothetus^  Lithentomum,  and  Xenoncura. 

In  the  Carboniferous  Rocks,  tlie  remains  of  Insects,  as  might 
have  been  expected,  are  comparatively  more  abundant,  though 
still  far  from  common.  In  the  rocks  of  this  period  we  have 
representatives  of  the  orders  Acv/n^/frtf,  OrthoptaayaJ^id  Coleop- 
fera  (Beetles).  The  Neuroptera  are  represented  by  a  remark- 
able form,  wiiich  has  been  referred  to  the  Ephemeridce  under 
the  name  oi  Ilaplophlebium  Bamesii  (fig.   129).     This  insect 
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must  have  attained  a  size  much  larger  than  that  of  any  rectal 
Ephemerids,  measuring  fuUy  seven  inches  in  expanse  of  wing. 


Fig.  igw.— W«Ai>ff»((f- 
atris  Aeadicnt  (after 
Daw&on).  Fram  the 
C&rboniferotu  Rocki  of 


Ft|{.  199. — Ha^phtehium  SamfsH  (aSttr  Dawson).     From  the  Carbontfetvcm  ]t£^ 
of  Canada,     a  Profile  uf  base  ofwiof. 

Another  remarkable  Carboniferous  insect  is  the  ArcJtimuIacru 
Acadictis  of  Mr  Scndder  (fig.  130).  It  belongs  to  a  group  of 
Insects  which  are  tolerably  abundant  in 
Carboniferous  strata — viz.,  the  Cockroaches; 
but  it  does  not  agree  with  any  living  fonns. 
In  the  Secondary  period,  remains  of  In- 
sects are  much  more  abundant  than  in  any 
Palaeozoic  deposit.  The  Jurassic  Rocks 
have  yielded  the  earliest  examples  of  the 
orders  Hymetwptera  and  IIemij>tcra,  whilst 
th  e  orders  Neitropiera,  Orthcptcra^  and 
CoUoptcra  are  well  represented.  In  the 
Tertiary  Rocks,  again,  the  remains  of  In- 
sects become  still  more  abundant,  and  in 
some  deposits  they  are  found  in  the  greatest 
profusion.  Whilst  all  the  above-mentioned  orders  are  repit- 
senlcd,  the  Tertiary  Rocks  have  also  yielded  the  first  traces 
(with  doubtful  exceptions)  of  the  orders  Diptera  ^x\6.Lfpid(ftff^> 
Amber,  which  is,  geologically  speaking,  a  very  modem  pro- 
duct, has  )ne!ded  the  remains  of  a  vast  number  of  insects,  ail 
of  which  belong  to  extinct  forms. 

The  following  are  the  names  of  the  Orders  of  Insects  which 
are  known  in  a  fossil  condition,  with  tlie  date  of  their  firsi 
appearance : — 


Nn»repUra  (Dragon-Bies^  White  Ants,  May-flies,  Ac)    Devonian. 

Orihop/era  (Cockroaches,  Crickets,  Locusts,  &c.)     C&rl)onifcrous. 

Coitaptera  (Beetles).     Carboniferous. 

Ifyntenoptcra  (Bees,  Wa-sps,  Saw-flics,  Ants).     Jurajssic 

H^miptera  (Aphides,  Fiek!-bngs,  Cicadas,  &c.)     Jurassic. 

l^pithptera  (Dutlertlies  and  Moths).     Tertiary. 

DiNfra  (llouse-flics.  Flesh-flies,  Gnats,  Crane-flies,  &c)     Tertiary. 

Thysanura  (Spring-tails).     Late  Tertiary  (in  amber). 


CHAPTER   XVIII. 
SUB-KINGDOM  MOLLUSCA. 

POLYZOA. 


Sub-kingdom  Mollusca. — The  Moiiusca  comprise  the  ani- 
mals ordinarily  known  as  Shell  fishj  from  their  commoi^ly  pos- 
sessing an  exoskeleton  or  shell.  The  Molluscs  are  soft-bodUd 
ami  destitiiii  of  any  eimietit  segmm/aiiott.  Commoti/y  the  intepi- 
mait  secrd^s  a  hard  calcareous  or  horny  mvchpe^  but  this  may  be 
abscftt.  77ie  alimentary  canal  is  aJivays  present^  and  neirr  com- 
municates with  tlie  body-cavity.  The  nerrous  system  consists 
typically  of  three  pairs  of  ganglia,  disposed  in  a  characteristically 
scattered  manner ;  but  in  tlte  louver  forms  a  single  ganglion  alone 
is  present,  A  heart  may  or  may  not  be  present^  and  there  may  or 
may  not  be  distinct  respiratory  organs. 

As  a  matter  of  course,  it  is  only  with  the  shell  of  the  Mol- 
lusca that  the  palaeontologist  has  to  deal,  and  those  forms 
iwhich  are  destitute  of  this  structure  arc  wholly  unknown  in  the 
fossil  condition.  The  special  characters  of  the  shtll  will  he 
treated  of  in  speaking  of  the  separate  classes.  In  the  mean- 
while it  is  sufficient  to  draw  attention  to  some  general  consi- 
derations. In  the  .Sea-mosses  and  Sea-mats  (Pofyzoa),  the 
animal  is  compound,  and  the  hard  structures  secreted  by  the 
colony  would  not  come  under  the  common  designation  of 
**  shell."  In  these  cases  the  investment  of  the  colony  would 
rather  be  termed  a  '*  polypidom,"  and  when  of  a  homy  nature, 
it  does  indeed  show  a  very  close  resemblance  to  the  **  polypary" 
of  the  Sertularian  Zoophytes.  In  the  Ascidian  Molkiscs  or 
Sea-squirts  (Tunica/a)^  the  animal  is  simply  enclosed  in  a 
leathery  or  cartilaginous  case,  in  which  calcareous  matter  is 
very  rarely  developed.  Hence  we  need  feel  no  suqirise  that 
the  Tunicaries,  with  one  or  two  very  problematical  exceptions, 


i 


i88 


MOLLUSCA- 


d^5^ 


are  not  known  in  the  fossil  state.     The  Lamp-shells  and  tnctr 
allies  {Bnuhiopoda)  possess  a  hivahe  shell,  consisting  of  two 
pieces  or  "  valves,"  which  are  more  or  less  highly  calcareous. 
Coming  to   the  higher  AfoUusca,  the  true  bivalve  Shell-fish 
(Z<7/w^////'rj/;i-///(7/rt),  as  their  common  name  implies,  have  also 
a  bivalve  shell ;  but  this  is  distinguished  from  the  shell  of  the 
Brachiopods   by  sufficiently  good   characters.     No  Lamclli- 
branch  is  destitute  of  a  shell,  and  the  remains  of  this  class 
occur  more  or  less  abundantly  in  all  deposits  except  the  most 
ancient.     The   ordinary  univalve  Shell-fish   {GtisteropoJd)^  as 
indicated  by  their  common  name,  have  usually  a  shell  com- 
posed of  a  single  piece  or  "  valve."     In  many  Gasteropods, 
however,  there  is  either  no  shell  at  all,  when  the  animal  is  said 
to  be  *'  naked  "  (as  in  the  Sea-slugs),  or  the  shell  is  quite  rudi- 
mentary, and  is  concealed  within  the  mantle  (as  in  the  ordin- 
ary slugs).    In  other  Gasteropods  again  (viz.  in  the  Chitons),  tlic 
shell  is  "  multivalve,"  consisting  of  eight  pieces  or  valves  pbc 
one  behind  the  other.     Most,  however,  of  the  "muUivalve 
shells  of  older  writers  are  really  referable  to  the  Cirri/fJu 
In  the  minute  Oceanic  Molluscs  which  form  the  class  Pter^ 
poda^  the  animal  is  sometimes  naked,  but  is  more  usuallv 
protected  by  a  symmetrical  glassy  shell,  which  is  always  uni- 
valve.    In  the  class  of  the  Cephalopoda^  finally,  great  diversity 
exists  in  the  character  of  the  skeleton.     All  the  ordinary  Cut- 
tle-fishes have  an ////cT/^fT/ skeleton,  embedded  in  the  mantle, 
and  not  visible  externally.     This   internal   skeleton   may  U 
calcareous  or  homy,  and  it  may  be  of  a  ver)-  complicated 
nature  ;  but  it  merely  serves  to  support  the  soft  parts  of  the 
animal,  and  it  does  not  form  an  external  case  in  which  the 
animal  lives.     In  one  Cuttle-fish  only  (viz.,  the  Argonaut  or 
Paper  Nautilus),  is  there  an  external  shell,  but  the  nature 
this  is  quite  peculiar,  and   it  cannot  be  compared  with 
shell  of  any  of  the  ordinary  Molluscs.     In  another  group 
llie  Cephaiopodiiy  represented  al  the  present  day  by  tlie  Pearl' 
Nautilus,  there  is  a  well-developed  external   shell,  which 
always  comjjoscd  of  a  single  piece,  and  is  always  chamber 
the  animal  living  in  the  last  and  largest  chamber  of  the  shelL 

In  composition  the  shell  of  the  higher  AloUusca  consists 
carbonate  of  lime^iisually  having  the  atomic  arrangement 
calcite — with  a  small  proportion  of  animal  matter.     In  t 
Pholadidx,  however,  the  calcareous  matter  exists  in  the 
tropic  condition  of  arragonite,  which  is  very  much  harder 
calcite.     As  regards  their  texture,  three  principal  varieties 
shells  may  be  distinguished — viz.,  the  "  porcellanous, 
**  nacreous,"  and  the  *'  fibrous."     In  the  nacreous  or 
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shells,  as  seen  in  "mother-of-pearl,"  the  shell  has  a  peculiar 
lustre,  due  to  the  minute  imilulations  of  the  edges  of  alternate 
layeni  of  carbonate  of  lime  and  membrane.  The  "  fibrous  " 
shells  are  composed  of  successive  layers  of  prismatic  cells. 
The  **  porccllanous  "  shell  has  a  more  complicated  structure, 
and  is  composed  of  three  layers  or  strata,  each  of  Aviiich  is 
made  up  of  very  numerous  plates,  "  like  cards  placed  on  edge." 
The  direction  in  which  tliese  vertical  plates  are  placed,  is 
sometimes  transverse  in  the  central  layer,  and  lengthwise  in 
the  two  others;  or  longitudinal  in  the  middle,  and  transverse 
in  the  outer  and  inner  strata. 

From  their  so  commonly  possessing  hard  structures,  whether 
external  or  internal^  no  fossils  are  more  abundant  or  import- 
ant than  Molluscs.  As  regards  the  general  distribution  of  the 
Moilusca  in  time,  the  sub-kingdom  commences  its  existence  in 
the  Cambrian  period,  and  there  is  no  reason  to  suppose  that 
this  is  really  its  first  appearance.  In  the  Cambrian  Rocks, 
the  classes  of  the  PoIy%oa^  Brac/iioJ>od<i,  Pkropoda^  du/eropoday 
and  Cfphaiopoda  are  certainly  represented,  and  the  Lam<Ui* 
brufuhiata  existed  in  Low«r  Silurian  times,  if  not  earlier. 
Speaking  generally,  the  chief  representatives  of  the  MoUusta 
in  Palieoiioic  time  are  the  chambered  Cephalopods  {Tcira- 
>  branMiiia)  and  the  Brachiopoda;  in  Mesozoic  time,  the  Cuttle- 
fishes (Dibranchiatc  Cephalopods),  the  chambered  Cephalo- 
pods, and  the  Poiyzoa  ;  in  Kainozoic  time,  the  Lamellihranchs 
and  Gasteropods.  The  Po/yzoa  arc  comparatively  poorly  re- 
presented in  Palaeozoic  Kocks,  and  attain  their  maximum 
towards  the  close  of  the  Mesozoic  period.  The  Brachiopods 
are  vastly  more  abundant  in  Palseozoic  deposits  than  in  Meso- 
zoic, and  have  gradually  declined  to  the  present  day.  Tlie 
Latnelhhranchiata  seem  to  have  been  gradually  increasing  in 
importance  since  their  first  appearance  in  the  Lower  Silurian 
seas,  and  they  have  attained  their  maximum  at  the  present 
day.  The  GasUropods,  upun  the  wjiole,  like  the  Bivalves, 
seem  to  have  reached  their  culminating  point  in  recent  seas  ; 
whilst  the  Pt^opods  ^c^va  to  have  been  as  abundant  in  Silurian 
seas  as  they  are  at  present.  The  history  of  the  Ophahpoda  is 
a  remarkable  one.  The  Tdrabnmc/iiutc  iorm%  with  chambered 
shells,  attained  their  mawraum  in  the  earlier  portion  of  the 
Silurian  period,  as  regards  their  simpler  types ;  but  the  more 
complex  types  of  the  group  swanned  in  the  seas  of  the 
Secondary  period,  and  finally  disappeared  at  the  close  of  this 
epoch.  This  group  at  the  present  day  is  representee!  solely 
by  the  Pearly  Nautilus.  The  Dibranchiaie  Cephalopoda,  on 
the  other  hand,  represented  at  the  present  day  by  the  Cutde- 
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fishes,  did  not  make  their  appearance  till  the  cotmncnce* 
ment  of  the  Secondary  period,  and  seem  to  have  reached 
their  maximum  in  existing  seas. 

Tlie  sub-kingdom  Moilusca  is  divided  into  two  great  divi- 
sions, termed  respectively  the  Moiluscouia  and  the  MoUusm 
Proper.  The  division  MoUuscoida  comjjrises  the  three  classes 
of  the  Polyzoay  Tunicaia^  and  Brachiopoda^  characterised  by 
having  a  nervous  system  consisting  of  a  singtc  ganglion  or  prm- 
cipal  pair  of  ganglia,  whilst  there  is  eit/ter  no  disiifui  organ  ^ 
the  circulation  or  an  imperfect  heart.  In  the  division  of  the 
Moilusca  Proper  are  comprised  the  classes  of  the  Lamt^- 
bratuhiata  (Bivalves),  Gasteropoda  (XJv^s^Xy^)^  Pteropoda,9a^ 
Cephalopoda.  Ail  these  classes  are  distinguished  by  having 
a  nen-ous  system  composed  of  three  principal  pairs  of  gan^ia ; 
whilst  there  is  a  well-developed  heart,  consisting  of  at  Uasl  tw 
chambers. 

Class  Polyzoa  or  Bryozoa. 

Animal  composite^  forming  colonies,  all  the  tnemhers  of  whuk 
are  produced  by  budding  from  a  primitive  tfeing  {to<H4l).  E^ 
■member  of  the  colony  {zooid)  is  enclosed  in  a  double-wailed  stu^ 
the  outer  coat  of  which  is  mostly  luirdcned  by  homy  or  calcarem 
matter.  There  is  no  heart,  and  the  mouth  is  surrounded  by  d 
circle  or  crescent  of  hoilinv  ciliated  tentacles.  The  colonies  art  a/i 
but  invariably  fixed  to  some  foreign  object,  and  are  in  many  casn 
plant-like  in  form. 

All  the  Polyzoa  live  in  an  associated  form  in  colonies  or 
"polyzoaria,"  which  are  sometimes  foliaceous,  soraeiiroes 
branched  and  plant-like,  somelimes  encrusting,  and  voy 
rarely  are  free.  Each  "  polyzoarium  "  consists  of  an  assem- 
blage of  distinct  but  similiar  zooids  arising  by  continuous 
gemmation  from  a  single  primordial  individual.  The  colonies 
thus  produced  are  in  very  many  resiiects  closely  similar  to 
those  of  many  of  the  Hydroid  Polypes,  with  which,  indeed, 
the  Polyzoa  were  for  a  long  time  classed.  The  "  polyzoahum,' 
however,  of  a  Polysoon  riiftcrs  from  the  polypidom  of  a  com- 
posite Hydroid  in  the  general  fact  that  the  separate  cells  </ 
the  former  do  not  communicate  with  one  another  otherwise 
than  by  the  continuity  of  the  cxtcmal  integument ;  wheicJS 
the  zooids  of  the  latter  are  united  by  an  organic  connecting 
medium,  or  "  ccenosarc,''  from  which  they  take  their  ori^ 
On  this  point  Mr  Busk  observes  : — 

"  It  has  been  before  said  that  the  Polyzoa  are  always  as 
ciated  into  compound  growths,  made  up  of  a  congeries 
individuals,  which,  though  distinct,  yet  retain  some  dej 
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iotercommimication,  comparable  in  kind  perhaps,  though  not 
in  degree,  to  what  obtains  in  many  of  the  comijnund  Ascidi- 
ans.  That  this  community  exists  is  proved  by  the  otherwise 
inexplicable  circumstance  that  the  polyzoaria  in  many  in- 
stances present  elements  common  to  the  whole  growth,  and 
not  belonging  specially  to  any  individual.  The  chief  bond  of 
connection  would  appear  to  reside  partly  in  the  continuity  of 
the  external  integument,  and  partly  also,  in  all  probability,  in 
a  slow  interchange  of  the  vital  fluid  with  which  the  cavities  of 
the  cells  arc  charged." 

In  one  sub-order  of  the  Polyzoa  (Ctmostomata)^  the  polyzo- 
arium  consists  of  a  series  of  cells  arising  from  a  common  tube, 
but  this  exception  does  not  affect  the  value  of  the  above 
general  distinction  between  the  Pohzoa  and  the  Hydroida, 

A  second  point  of  dirtcrence  is  found  in  the  invariably  cor- 
neous (or  chitinous)  texture  of  the  polypidonis  of  the  Hydroida^ 
whereas  those  of  the  Poiyzoa  may  be  corneous  or  fleshy,  but 
are  in  the  majority  of  instances  more  or  less  highly  charged 
urith  carbonate  of  lime. 

As  before  remarked,  the  colonies  of  the  Poiyzoa  are  pro- 
duced by  a  process  of  continuous  budding  from  a  primitive 
being   or  zooid.      The  budding  takes  place  according  to  a 
determinate  law,  diflering  in  different  forms,  and  the  resulting 
colony  varies  in  shape  according  to  the  method  of  budding  in 
each  species.     All  the  zooids  of  the  colony  are  tenned  *'  po!y- 
pides,"  and  the  entire  colony  consists  simply  of  an  aggregation 
of  precisely  similar  polypides,  which  may  be  simply  united  by 
their  external  integuments  or,  more  rarely,  spring  from  a  com- 
mon tube.     It  is  only  with  the  outer  investment  of  the  colony 
that  the  palLcontolugist  has  to  deal  \  but  it  may  be  well  briefly 
to  describe  the  structure  of  a  typical  polypidc. 

The  polypide  of  a /V/vsiV«  (fig.  131,  2)  consists  essentially 
of  a  double-walled  Svic,  filled  with  fluid,  and  perforated  by  an 
aperture  where  the  mouth  of  the  polypide  is  situated.  In  the 
majority  of  cases  the  outer  wall  of  the  sac  (tenned  the  *'  ecto- 
cyst  ")  is  of  a  homy  consistence,  or  may  be  more  or  less  highly 
calcareous.  It  forms  a  Uttle  chamber,  which  is  technically 
called  the  "cell."  At  one  paint,  varying  in  its  position,  the 
cell  is  furnished  with  an  aperture  or  "mouth"  (fig.  131,  i), 
-whence  the  poly|jide  can  protrude  its  ten  taculate  head.  The 
inner  wall  of  the  sac  (termed  the  "  endocyst  ")  is  invariably 
flexible  and  membranous,  and  the  space  included  within  it  is 
billed  with  fluid,  in  which  floats  the  alimentary  canal.  The 
commencement  of  the  alimentary  canal  is  surrounded  by  a 
series   of  hollow  ciliated  tentacles,  whicli  are  mostly  arranged 
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in  a  circle  in  the  marine  Pofysoa,  but  are  disposed 
shape  of  a  horse-shoe  in  most  of  the  fresh-water  forms.  The 
digestive  canal  passes  through  the  body-cavity,  Tv-iihout  open- 
ing into  it,  and  terminates  in  a  distinct  anus  placed  near  the 
mouth.  The  only  other  organs  possessed  by  the  polypidc  are 
a  nervous  ganglion,  and  tlie  organs  of  reproduction,  eadi 
zooid  being  hermaphrodite. 


Fig-  i3». — Mniphfilogy  of -Poly/oa.  t.  Portion  of  the  c<rnceciuni  c»f/7(M/ni  <• 
nullified.  -3.  I>Lagrainof  a  HnlyzoAn  (alHer  AEItnan):  a  Region  of  the  ronuth  si 
by  icntiicles  :  #  Alimentary  ciinal :  tr  Anus  :  d  Nervous  nnrlion  ;  e  [ntutiaci 
c/«0  :  /Testis  ;  /'  Ov5u>' ;  jf  Retractor  muscle.  3.  BirdVhead  proocH^  or' 
num,"  of  a  PolyioGn. 


In  order,  then,  to  arrive  at  a  clear  conception  of  the  si 
ture  of  a  Polyzoon^  we  have  simply  to  imagine  that  su 
polypide  as  above  described  should  have  the  power  of  re 
ing  itself  by  gemmation,  "  thus  producing  one  or  more  pre- 
cisely similar  systems,  holding  a  definite  position  relatively  to 
one  another,  while  all  continue  organically  united.'* 

The  only  element  of  the  Polyzoa  with  which  the  palaeontiv 
logist  is  concerned  is  the  external  investment  of  the  colony— 
the  ''ccennecium  "  or  "  poly:^oarium."  This  is  formed  by  the 
combined  ectocysts  of  the  various  polypides,  and  it  \'arii 
greatly  both  in  form  and  actual  composition.  In  form,  it 
be  plant-lilce,  rooted  at  one  point,  and  rising  into  foliaci 
expansions  or  arborescent  growtlis ;  or  it  may  spread  \ 
some  foreign  object  as  a  continuous  crust.  In  consistence 
may  be  fleshy,  homy,  sub<alcareous,  or  completely  cal 
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iply  fleshy  forms,  as  a  matter  of  course,  never  occurring 

a  fossil  condition. 

The  form  of  the  "  cell,"  formed  by  the  ectocyst  or  outer 
dl  of  each  polypide,  varies  considerably,  and  imi>ortant  dis- 
ictions  may  be  drawn  from  this  character  alone.  In  one 
rge  gT0U]j  of  the  Poiyzoa — the  Chtihstomata — the  mouth  of 
c   cell  is  never  quite  terminal 

position,  but  is  always  placed 
►on  the  front  of  the  cell,  genc- 
lly  close  to  one  end  (fig.  132) ; 
lilst  the  diameter  of  the  mouth 

less  than  the  diameter  of  the 
11.  In  most  of  these  forms, 
to,  the  mouth  of  the  cell  is 
ovided  with  a  movable  Hd  or 
utter,  by  which  it  can  be  closed 
len  the  animal  is  retracted 
thin  it.  In  another  great  group 
•the  Cydostomata — the  cells  are 
bular  in  form,  and  tlie  mouth  is  terminal  in  position,  whilst 
t  diameter  usually  equals  that  of  the  cell.  In  these  forms, 
so,  there  is  no  special  apparatus  for  the  closure  of  the  mouth 

the  cell. 

The  surface  of  the  cell  may  be  "  either  smooth  and  entire, 
bilious  or  granulous  j  perforated  with  minute  pores,  or  cribri- 
rm  with  larger  openings  ;  reticulate  or  ribbed,  &c., — all  of 
iich  conditions,  with  certain  precautions,  afford  excellent 
ai^cstic  characters"  (Busk).  The  margins  of  the  mouth  of 
e  cell,  also,  may  be  "  simple  or  thickened,  unarmed  or  beset 
th   erect  'marginal  spines,*  which  again  may  be  either  rigid 

articulated  at  the  base,  simple  or  branched." 
There  still  remain  three  structures  which  are  present  in  many 
rms,  and  especially  in  the  Chdiosfomaia^  which  require  some 
itice.     The  structures  in  question  are  known  as  the  "ovicell," 
e  "  av-icularia,"  and  the  "vibracula." 

The  "ovicell"  is  a  stiucture  especially  characteristic  of  the 
leilostomalous  Poiyzoa;  but  its  presence  is  not  universal,  and 
len  present  it  may  be  inconspicuous.    Its  general  form  is  that 

•*a  more  or  less  rounded  eminence  situated  above  or  behind 
B  cell.  .  .  .  The  cavity  of  the  organ  is  continuous  with 
e  perivisceral  space,  through  a  passage  situated  at  the  upper 
d  back  part  of  the  cell,  and  through  which  it  would  appear 
e  ova  are  conveyed  as  into  a  sort  of  marsupial  pouch.  This 
gan  is  wanting  in  the  Cychnhmata^  in  which  its  functions  are 
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apparently  supplied  by  a  dilatation  of  the  body  of  the  ccfl 
itself."     (Busk.) 

The  "  avicularia  "  and  '*  vibracula"  are  peculiar  appendages 
of  the  ectocyst,  supposed  to  be  weapons  of  offence  and  defence, 
or  to  subserve  some  unknown  function  in  the  economy  of  the 
colony,  and  believed  by  Huxley  to  be  peculiarly  modified 
polypides.  The  avicularia,  or  '*bird's-head  processes,"  differ 
a  good  deal  in  shape,  but  consist  essentially  of  a  "mo^-ai)lc 
mandible  and  a  cup  furnished  with  a  homy  beak,  wth  which 
the  point  of  the  mandible  is  capable  of  being  brought  into 
apposition  "  (Busk). — In  shape  they  are  often  closely  similar 
to  the  head  of  a  bird  (fig.  131,  3),  and  they  perform  a  peculiar 
snapping  movement,  which  is  continued  long  after  the  appafcnt 
death  of  the  colony.  In  many  respects,  the  avicularia  are 
comparable  with  the  "  pedicellarice  "  of  the  Sea-urchins  lod 
Starfishes.  In  the  "vibraoula,"  the  place  of  tlie  mandible  of 
the  avicularium  is  taken  by  a  bristle  or  seta,  which  is  capable  erf 
extensive  movement. 

The  following  table  exhibits  the  leading  groups  of  the 
Polyzoa  : — 


Table  of  the  Divisions  of  the  Polyzoa. 

ORnF.R  T.-^-Phvlactot-^mata. 

Tentacles,  arranged  in  the  shape  of  a  horse-shoe  or  creacenl. 
furnished  v,-ith  a  valvc-likc  organ  or  •*cpistomc." 

Sub-order  i.  /,^/>*4o/w»i[fresh-walcr).  — Arras  ofthetentaculardi$c(*'k)pfc*' 
phore")  free  or  obsolete  j  consistence,  homy  or  sub  calcareous. 

Sub-order  2.  Pcdiceltinea  (marine). ^.\rms  of  the  tentacular  due  naitt' 
al  their  extremities  ;  consistence,  soft  antl  fleshy. 

Suh-order  3.  /ihaMofihtirea  (marine). — Cccnaxinm  braiicheil,  adboA 
membranous,  with  a  cniiinous  rod  on  its  adherent  side.  Tentaadir^ 
horse-shoc'Shflped.     No  epistomc  (?) 

Ohher  it. — Gymnoi„'Emata. 

Tentacles  arranged  in  the  farm  of  a  more  or  less  complete  cird&  X* 
valve-like  organ,  or  **epistomc,''  ardiing  over  the  moutlL. 

Stib-ardir  4.  Palmikellen  {fresh-water).  — Polypidc  completely  cetiadik; 
evnginatioii  of  tentacular  sheath  imperfect ;  consistence,  bony  or  n^ 
calcareous. 

Suh-order  5.  CheilQitomata  (marine).— Polypide  completely  retnctik. 
evagination  perfect  ;  orifice  of  cell  sub-terminal,  of  less  diameter  thul^ 
cell,  and  usually  cloi>ed  with  a  movalile  lip  or  shutter,  sometimes  by  to* 
tractile>phincter;  cells  not  tubular ;  consistence,  calcnreou.s,  homy,  orflofc^ 

Sub-order  6.    Cychstomata  (marine).— Cell  tubular;  ontice  lenniml,  "^ 
the  same  diameter  as  the  cell,  without  any  movable  apparatus  for  itscWs 
consistence,  calcareous. 

Sub-order  7.  Ctenostomaia  (marine). — Orifice  of  the  cell  tcnniiuU«  fumi 
with  a  usually  setose  fringe  for  its  closure  ;  cells  distinct^  arising  llC 
common  tube  ;  consistence,  homy  or  camose. 
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Of  the  above  sub-orders  of  the  Pohzoa^  only  the  marine 
groups  of  the  Chcihstomata  and  Cydostomata  are  known  to 
occur  in  the  fossil  condition  ;  their  preservation  being  due  to 
their  marine  habits  and  their  general  possession  of  a  calcareous 
or  sul>calcareons  co2ncecium.  The  general  facts  as  to  the  dis- 
tribution of  the  Folyzoa  in  past  time  have  been  already  alluded 
to.  The  Ohihamia  of  the  Cambrian  Rocks  and  thcGraplolitcs 
have  been  referred  to  the  Poiyzoa  ;  but  the  former  is  probably 
plant,  and  the  latter  ahnost  certainly  belong  to  the  Hydrozoa. 
X»eaving  these  out  of  account,  the  Polysoa  seem  to  commence 
in  the  Upper  Cambrian,  and  are  well  represented  in  the  Silu- 
tian,  Devonian,  Carboniferous,  and  Permian  Rocks,  but  espe- 
cially in  the  Carboniferous.  None  of  the  Pali^ozoic  genera 
extend  into  the  Secondary  period.  In  the  Secondary  period 
J*oiysoa  are  very  abundant^  and  they  attain  their  maximum 
of  development  in  the  Cretaceovis  period,  the  Chalk  having 
yielded  over  two  hundred  species  belonging  to  tliis  class.  In 
the  Tertiary  period,  also,  Pofyzoa  are  abundant ;  the  Coralline 
Crag  (Pliocene)  deriving  its  name  from  the  great  profusion  of 
its  Polyzoan  remains. 

Of  the  Palxozoic  Poiyzoa  the  most  important  forms  belong 
to  the  family  of  the  Fenestcilidie  or  **  Lace-corals.*'  These 
commence  in  the  Lower  Silurian,  and  extend  to  the  Permian; 
but  they  are  especially  characteristic  of  the  Carboniferous 
Rocks.     In  Fatestdia  itself  (fig.   133),  the  ccenoicium  forms  a 


fMr  tJi^Frmntfila  LyftlL    a  Kanml  «!»  ;  b  Panion  enlarged :  c  Cells  aud  spiaet 
in  pnrfile.     From  the  CarbonUeroui  Rocks  of  Canada  (after  Dawson). 

mel-shaped  or  fan-shaped  expansion^  the  base  of  which  is 
ittached  to  some  foreign  object.  Tiie  cfemeciimi  is  com]]oscd 
>f  a  number  of  nearly  parallel  stems»  united  to  one  another  by 
lumexous  cross-bars  or  dissepiments,    enclosing  small  inter- 


i 


196 


MOLLUSCA, 


spaces.     The  outer  surface  of  the  branches  is  minutely  porou 
or  longitudinally  striatetl.     The  inner  surface  of  the  branches 
exhibits  a  central  ridge  or  keel,  separating  the  mouths  of  nro 
rows  of  cells.     Sometimes  there  is  an  additional  row  of  cells 
on  the  mesial  keel,  and  the  dissepiments  are  usually  destituic 
of  cells.     The  entire  coenoecium  is  calcareous.     In  the  oeaily 
allied  genus  Rctepora^  the  coincecium  is  also  a  fan-shaped  ex- 
pansion, and  is  also  of  a  calcareous  consistence.     In  pUce, 
however,  of  transverse  dissepiments,  the  branches  of  iheccEDoe- 
cium  unite  with  one  another  in  such  a  manner  as  to  form  ovale  ' 
interspaces  or  "  fenestrules."     The  outer  surface  of  llie  coeca- 
cium  is  non-ceUuliferous  and  minutely  striated.      The  imia 
surface  bears  several  rows  of  small  cells. 

In  the  genus  Ptiiopora  {fig.  134)  are  forms  essentiallysi 


Fi(.  134- — Ptiie/ora /iuma  ;  the  right-hand  figure  of  ifac  natural  site,  the  Idt-I 
figure  cnUr^gOtl.     CarbonUeroiu. 

to  Faiesfdia,  but  having  a  feather  like  arrangement, 
of  a  central  stem  giving  off  lateral  branches,  which  an 
nected  by  dissepiments,  leaving  oval  fenestrules.     In  d 
nome  (Acanthoc/aMa,  King)  are  forms  in  which  the  ccenoei 
consists  of  a  central  axis  giving  off  lateral  branches  which 
longitudinally-disposed  cellules,  but  which  are  not  united 
transverse  dissepiments.     Lastly,  in  Anhimcdipora^  whi  " 
found  abundantly  in  parts  of  the  Carboniferous  series  of 
United  States,  the  ccencecium  is  wound  in  an  oblique 
round  a  centra!  axis.     The  only  other  Paleozoic  genus  of 
special   importance  is   Ptiiodictya^  the   species   of  which 
especially  characteristic  of  the  Silurian  Rocks.     In  this  g«r 
the  ccencecium   is  flattened,  foliaccous,  or   more   commo 
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dichotomously  branched.  The  cellules  are  placed  obliquely 
on  both  sides  of  the  coencjecium,  and  have  prominent  ovzl 
iDOuths. 

In  the  Secondary  period,  the  remains  of  Pclyzoa  are  abund- 
ant, and  some  of  the  genera  are  still  represented  in  recent 


fl^  \y^—EHtale^ont  ctUarioidts^  natural  site  and  eaLugcd.     Oolites. 

Nearly  twenty  genera  are  known  from  the   Jurassic 
»ocks»  amongst  which  may  be  mentioned  Limonea,  Esc)mra^ 
^^Jrancia^  DiashpQra^  Bidiastopora^  (fig.  136),  and  Entalopfiora 


Fig.  136.  —Bidiasto^ra.  cervicamis,  natural  tixe  and  enlarged.     Uolitei. 

!•  135)-  All  of  these,  except  Eschara^  belong  to  the  group 
►f  the  Cychstomata^  distinguished  by  their  tubular  cells,  the 
tiaouth  of  which  equals  in  breadth  the  diameter  of  the  cell. 
V  It  is  in  the  Cretaceous  period  that  tlie  Polyzoa  attain  their 
Itoaxiraum,  nearly  two  hundred  s]jecies  being  known  in  the 
Chalk.  Most  of  the  Cretaceous  forms  belong  to  the  Eschar' 
^a,  the  genus  Eschara  being  abundantly  represented.  AH 
members  of  this  family  belong  to  the  group  of  the  Chfilos- 
^atous  Polyzoa,  in  which  the  orifice  of  the  cell  is  not  terminal, 

is  of  less  diameter  than  the  cell  itself. 
In  the  Tertiary  Rocks  Po/yzoa  are  likewise  abundant,  and 
\y  of  the  genera  are  represented  at  the  present  day  by 


J 


living  forms.  One  of  the  greatest  depots  of  fossil 
the  White  Crag  of  Suffolk,  which  is  for  this  reason  very  imp- 
propriatcly  called  the  "  Coralline  Crag."  Amongst  the  more 
important  Tertiary  genera  may  be  mentioned  Eschara^  Ct&- 
pora^  Fiustray  Tubuiipora^  IdmoHiOy  and  Fascicuiaria  (or  Mwid- 
ropora).  One  of  the  most  singular  of  these  is  the  genus  fasa- 
cu/arsa  (fig.    137),  in  which  the  coenoecium   is  more  or  less 


Fig.  iy].—f(UciciUaria  {^MtoMdrop&rn^ eerebri/ermis^  Mioccoc  Tenivr 

Spherical,  composed  of  vertical  laminae  arranged  somevbn 
like  the  convolutions  of  the  brain,  and  carrying  the  ccD-moatht| 
at  their  extremities. 


CHAPTER    XIX. 
BRACHIOPODA, 


The  Brachiopoda  are  defined  as  MoUuscous  animaU  in 
the  body  is  protected  by  a  bivalve  shell,  which  is  litud  by  expai 
of  the  integitment  or  "  mantier     The  mouth  is  furnished 
hmgy  spirQlly-mled^  cirr if crous  processes  or  ^^  arms y     Thi^% 
is  nci^er  eomposite,     (Fig.  138). 


Fig.  13a. — Brmchiopoda. — Terfbratula  vitrea.     I.  Showing  the  ciluted  "w 
3.  Showing  ihe  thttll  with  iu  looih    (After  Wood vtArd. ) 

The  Brachiopoda  are  essentially  very  similar  in  struc 
the  Polyzody  from  which  they  are  distinguished  by  the  i^ 
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hey  are  never  composite,  and  by  the  possession  of  a  bivalve, 
:aicareous,  or  sub-calcareous  shell.  They  are  commonly  known 
L5  "  Lamp-shells,"  and  are  all  inhabitants  of  the  sea.  All  the 
iving  forms  are  fixed  to  some  solid  object  in  their  adult  con- 
lition  ;  but  there  is  good  reason  to  believe  that  many  of  the 
bssil  forms  were  unattached  and  free  in  their  fully-grown  con- 
Lition.  From  the  presence  of  a  bivalve  shelly  the  lirachiopods 
lave  often  been  placed  near  the  true  bivalve  Molhiscs  (the 
tamt/Zibrtwchiata) ;  but  their  organisation  is  very  much  in- 
erior,  and  there  are  also  sufficient  differences  in  the  shell  to 
ustify  their  separation. 

The  two  valves  of  the  shell  in  any  Brachiopod  are  articulated 
Ogether  by  an  apparatus  of  teeth  and  sockets,  or  are  kept  in 
pposition  by  muscular  action  alone.  As  regards  the  contained 
xiimal,  the  position  of  the  valves  is  anterior  and  posterior,  so 
hat  they  are  properly  termed  the  '*  ventral "  and  "  dorsal  " 
ulves.  One  of  the  valves  is  always  slightly,  sometimes  greatly, 
arger  than  the  other,  so  that  the  shell  is  said  to  be  "  inequi- 
ralve"  (fig-  139).     On  the  other  hand,  a  line  drawn  vertically 


Mm: 


f\m.  ty^.—Kkyn£AoiuU<t  Muk.tt.i.  A.  Pnifilc  view.  B,  View  of  the  dor<al  surface. 
:,  view  of  tlie  fuse  a  Vcnira!  valve  ;  A  Durwl  valve;  /  liaw  ;  i  Bciik  ;  k  Foramen. 
Lower  Cr«uceoui. 

"rom  the  beak  of  the  shell  to  its  base  (in  fig.  139  B,  from  c  to/), 
ft-ould  divide  it  into  two  equal  halves,  so  that  the  shell  is  said 
to  be  "equilateral"  In  the  true  bivalve  Shell-fish  (LatHclU- 
Wanchiata),  on  the  contrary,  the  valves  of  the  shell  are  placed 
apon  the  sides  of  the  contained  animal,  so  that  they  are  "  right " 
md  "left,"  instead  of  being  dorsal  and  ventral.  Further,  the 
[wo  valves  are  usually  of  the  same  sine  {"equivalve"),  and  a 
line  drawn  from  the  beak  to  the  base  would  almost  always 
divide  the  shell  into  unequal  halves  ;  so  that  the  shell  is  '*  in- 
equilateral." 

Ordinarily  the  ventral  valve  of  the  shell  of  the  Brachiopods 
is  the  largest  of  the  two,  and  it  is  generally  furnished  with  a 
prominent  curved  "beak."     Very  commonly  the  beak  is  per- 
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forated  by  a  larger  or  smaller  aperture,  which  is  termed  the 
"  foramen  "  (fig.  139,  B),  and  which  serves  for  the  transmisskm 
of  a  muscular  peduncle  ar  stem  by  which  the  shell  is  attached 
to  some  foreign  object.  In  some  cases,  however  (as  in  Z/>/p»/rf|, 
the  peduncle  simply  passes  between  the  apices  of  Uie  valves, 
and  there  is  no  foramen  ;  whilst  in  others  (as  in  Crania^  fig. 
161),  the  shell  is  merely  attached  by  the  substance  of  the  ven- 
tral valve.  The  dorsal  valve,  which  is  also  usually  the  snullest. 
is  always  free,  and  is  never  perforated  by  a  foramen.  Further, 
as  already  remarked,  there  is  reason  to  believe  that  many  fossil 
forms  were  free  and  unattached  in  their  adult  condition. 

In  most  living  Brachiopods  the  valves  are  articulated  to  oa*^ 
another  by  two  teeth  which  are  developed  upon  the  rt 
valve,  and  fit  into  corresponding  sockets  in  the  dorsal  v: 
Behind  the  dental  sockets  of  the  dorsal  valve  there  is  usually  i 
prominent  process  ("cardinal  process"),  to  which  are  atta< 
two  **  cardinal  muscles."  These  are  inserted  on  each  sidei 
the  centre  of  the  ventral  valve,  and  serve  to  open  the  sb( 
The  valves  of  the  shell  are  closed  by  proper  ''adductor  muscli 
(usually  four  in  number)^  which  also  pass  between  the  valvi 
and  in  those  in  which  hinge-teeth  are  wanting,  it  is  by  these 
muscles  that  the  valves  arc  kept  together.  These  muscles 
leave  "  scars  "  or  impressions  at  their  points  of  insertion  awl 
origin  :  and  the  number  and  form  of  these  scars  afford  impor- 
tant diagnostic  characters  to  the  palaeontologist. 

Very  commonly,  the  beaks  of  the  dorsal  and  ventral  vahro 
are  separated  from  one  another  by  a  narrower  or  wider  si 
which  is  termed  the  "hinge-area"  (fig.  140).     In  somegc 


Fig.  i+ii — Terrbrattila  Ai/trriaMa,  (Jrciactout.     e  Hia£e-&rca  ;  m  Udtidiun- 

as  in  Spirifcra^  the  area  is  very  conspicuous ;  in  other  cases 
is  very  narrow,  or  even  does  not  exist.  In  front  of  the  forame 
of  the  ventral  valve,  and  very  often  forming  part  of  its  ciaTjn 
ference,  there  is  commonly  a  triangular  plate,  which  may  k 


BRACHIOPODA. 


201 


hig.  141. — Miniue  siniciure 
of  ihe  *hctl   of    Trrrhratuln, 


of 


Dwnne  tni: 
the  Khcll, 


and  the  canals. 


»ed  of  one  or  two  pieces,  and  which  is  termed  the  "  del- 
im"  (tig.  140,  xn).     In  other  cases  this  structure  is  alto- 
ler  wanting. 
n  intimate  structure,  the  shell  of  most  of  tlie  Bnuhiopoda 

141)  consists  "of  flattened  prisms,  of  considcrabic  length, 
nged  parallel  to  one  another  with  great  regularity,  and  at  a 
'  acute  angle — usually  only  about  10" 
3** — with  the  surfaces  of  the  shell." — 
rpenter.)  In  most  cases,  also,  the 
I  is  perforale(3  by  a  series  of  minute 
lis,  which  pass  from  one  surface  of 
shell  to  the  other,  in  a  more  or  less 
ical  direction,  usually  widening  as 
'  approach  the  external  surface. 
se  canals  give  the  shell  a  "punc- 
3  "  structure,  and  in  the  living  ani- 

they  contain  cecal  liibuli,  or  pro- 
3tions,  from  the  mantle,  which  are 
lidered  by  Huxley  as  analogous  to 

rascular  processes  by  which  in  many  Ascidians  the  muscular 
c,  or  "mantle,"  is  attached  to  the  outer  tunic,  or  "test." 
ome  of  tlie  Brachiopoda  (as  in  the  Rhynchimdiidic)  the  shell 
impunctate,"  or  is  devoid  of  tliis  singular  canal  system. 
he  inner  surface  of  the  valves  of  the  shell  is  lined  by  ex- 
lions  of  the  integument  which  secrete  the  shell,  and  are 
;d  the  "  lobes  "  of  the  "  pallium,"  or  *'  mantle."  The  diges- 
organs  and  muscles  occupy  a  small  space  near  the  beak 
te  shell,  which  is  partitioned  off  by  a  membranous  septum, 
Ji  is  perforated  by  the  aperture  of  the  mouth.  The  re- 
ider  of  the  cavity  of  the  shell  is  almost  filled  by  two  long 
processes,  which  are  termed  the  "  arms,"  and  from  which 
name  of  the  class  has  been  derived  (tig.  138,  1).  These 
ns  are  lateral  prolongations  of  the  margins  of  the  mouth, 
Viy  of  great  length,  closely  coiled  up,  and  fringed  on  one 
Moth  lateral  processes,  or  "cirri."  In  many  Hrachiopods 
Hds  arc  supported  upon  a  more  or  less  complicated  inter- 
Bcareous  framework  or  skeleton,  which  is  sometimes  called 
'^carriage-spring  apparatus." 

t  some  forms,  as  in  the  tyj)ical  Terehraiula  (fig.  138,  2),  the 
■nal  skeleton  which  supports  the  arms  is  a  short  shelly  loop, 
,  very  simple  character.  In  these  cases  it  is  only  at  their 
s  that  the  anns  arc  supported,  and  they  are  therefore 
e  or  less  movable.     In  other  cases,  as  in  the  Spiri/cnda 

142),  the  arms  must  have  been  immovable,  as  they  are 
K>rted  by  two  thin  spirally-rolled  lamellae,  which  form  two 
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calcareous  spires  in  the  interior  of  the  dorsal  valve.  In  some 
cases,  the  whorls  of  these  spires  are  in  turn  furnished  wiili 
minute  calcareous  spines,  showing  that  the  cirri  of  the  amu 


f.  143. — S/Ur(/irnt  hyitfnca,  L'arlxini fcrtius.    The  risht-ham)  figure  ili-iw*  ihe  mtcntf 
of  the  donal  valve,  witji  the  calcareous  spires  for  the  5upi>urt  of  the  onBb 

were  also  supported  by  an  internal  skeleton.  The  form  and 
development  of  the  calcareous  supports  of  the  arms,  though 
liable  to  ^Axy  with  age,  iievertlicless  furnish  important  charicieis 
in  the  discrimination  of  fossil  Brachiopods. 

The  Bnuhiopoda  may  be  divided  into  two  groups,  call«d 
respectively  the  Ariicuiaia  and  Ituirticuiata.  In  the  fonur 
the  valves  of  the  shell  are  united  along  a  hinge-line,  the  lobo 
of  the  manllu  are  not  completely  free,  and  the  intestine  en 
caically.  In  this  group  are  the  recent  Tn'ebratuUda  ;\XiA  Rh 
chofuiiiiice.  In  the  Jnarticuiata  the  valves  of  the  shell  are 
united  along  a  hingc-Iine,  the  mantle-lobes  are  completely  fn 
and  the  intestine  terminates  in  a  distinct  anus.  In  this 
are  the  Cnvtindte^  Discinidm^  and  LingitiUa. 

The  Brachiopods  are  of  sudi  importance  as  fossils  that 
characters  of  the  more  important  groups,  with  their  geol 
range,  and  leading  genera  will  here  be  given,  along  with  fi, 
of  the  commoner  types.     As  regards  the  general  distribu 
of  the  class  in  time,  the  Btmhiopoda  are  found  from  the 
brian  Rocks  up  to  the  present  day,  and  present  us  with 
example  of  a  group  which  appears  to  be  slowly  dying 
Nearly  two  thousand  extinct  species  have  been  described, 
the  class  appears  to  have  attained  its  maximum  in  the  Sil 
epoch,  which  is,  for  this  reason,  sometimes  called  the  *' 
of  Brachiopods."    Numerous  genera  and  species  are  found 
in  both  the  Devonian  and  Carl)oniferous  formations.     In 
Secondary  Rocks  Brachiopoda  are  still  abundant,  though 
so  than  in  the  Palaeozoic  period.     In  the  Tertiary  epoch  a 
further  diminution  takes  place,  and  at  the  present  day  we 
not  acquainted  with  a  hundred  living  forms.     Of  the  fami 
of  Bra^hhpoda,  tlie  Productida,  Strophommid<e^  and  Spiriji 
are  the  mure  important  extinct  types.     Of  the  genera,  the  mo<st 
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persistent  is  the  genus  Lin^uhy  which  commences  in  the  Cam- 
brian Rocks,  and  has  maintained  its  place  up  to  the  present 
day,  though  it  appears  to  be  gradually  dying  out. 

According  to  Woodward  : — "  The  hingelcss  genera  attained 
their  maximum  in  the  Paleozoic  age,  and  only  threp  now  ^^wx- 
vi\e{Lingi4hy  Discifta,  Crania) — the  representatives  of  as  many 
distinct  families.  Of  the  genera  with  articulated  valves  those 
provided  with  spiral  arms  appeared  first,  and  attained  their 
maximum  while  the  Terehratuiida  were  still  few  in  number. 
The  subdivision  with  calcareous  spires  disappeared  with  the 
Liassic  period,  whereas  the  genus  Rhynchondia  still  exists. 
Lastly,  the  typical  group,  Tenifrafuiitia:,  attained  its  maximum 
in  the  Chalk  period,  and  is  scarcely  yet  on  the  decline." 

Of  the  families  of  the  Brachicpoday  the  ProduciidiS  and 
Strophomaiida  are  exclusively  Palieozoic.  The  Spiri/^ida 
are  mainly  Palaeozoic,  but  extend  into  the  Lias,  where  they 
finally  disappear.  The  Lingulidoi  commence  in  the  Cambrian 
period,  and  have  survived  to  the  present  day.  The  Rhyncho- 
nellidiE^  CraniadtZy  and  Disdnidie  commence  in  the  Silurian 
period,  and  are  represented  by  living  forms  in  existing  seas. 
The  Koninckinidie  ixx^  exclusively  Triassic.  The  T/iecidida  tx- 
lend  from  the  Trias  to  the  present  day  ;  and  the  TcrebraiulidtK 
appear  to  commence  in  the  Devonian,  and  are  well  represented 
by  living  forms.  In  the  following  are  given  the  leading  char* 
acters  and  more  impotlant  forms  of  the  families  of  the  Brachio- 
poda\*— 

Fam.  I.  Terebratulid.«. —Shell  minutely  punctate:  ven- 
tral valve  with  a  prominent  beak,  perforated  by  a  foramen  for 
the  emission  of  a  muscular  ped- 
uncle, whereby  the  animal  is 
fixed  to  some  submarine  object. 
Foramen  partially  surrounded 
by  a  dcltidium  of  one  or  two 
pieces.  Arms  entirely  or  par- 
tially su pported  by  calci fied 
processes,  usually  in  the  form 
of  a  loop,  and  always  fixed  to 
thd  dorsal  valve  (fig,  143.) 

In  the  genus  Icrcbraiuhi  it- 
self, and  in  Terehrattdinay  the 
loop  supporting  the  arms  is  very  short,  the  former  commencing 

*  Most  of  the  details  of  this  section  are  taken  from  the  magnificent 
Monograph  of  the  llrachiopcxla,  publishctl  by  the  Palrrontogmphical 
Society,  and  written  by  Thomas  Davidson,  Esq.,  F.R.S,,  the  greatest 
liTing  authority  upon  the  subject  of  the  Brachiopods. 
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Hy—Tfrthra/ula  saeru/us,  Ca^ 
crauA.  The  ri^ht-hAiul  fij^ire  shows 
the  inlcrinr  o(  the  aorsai  vaJve  with  the 
loup.    (After  Dawson.) 


in  the  Devonian  period,  the  latter  in  the  Oolitic,  and  both 
being  represented  by  living  foniis.  In  the  genus  IVMAnmii 
there  is  a  very  long  loop,  which  is  bent  backwards,  and  the 
same  is  the  case  with  TirnhrateMa.  The  former  appean  to 
commence  in  the  Trias,  the  latter  in  the  Cretaceous  Rocks,  and 
both  have  survived  to  the  present  day.  Forming  a  section  of 
the  TerebratuUd(£^  or  sometimes  regarded 
as  a  separate  family,  are  the  two  or  thret 
species  which  make  up  the  genus  Ji^frw- 
gocephahis.  These  (fig.  144)  are  all  D^ 
vonian,  and  are  characterised  by  the  pos- 
session of  a  long  loop,  and  a  widely- 
punctated  shell.  The  beak  of  tlie  ventral 
valve  is  very  prominent,  and  is  pierced  by 
a  foramen,  which  is  large  in  the  young, 
and  small  in  the  adult  shell ;  and  tlje  ventral  valve  has  a  weD* 
developed  mesial  septum. 

Fam.  IL  Thecidid^. — Shell  fixed  to  the  sea-bottora 
the  substance  of  the  beak  of  the  larger  or  vcniral  vali 
structure  punctated.     Oral  processes  (arms)  united  in  the 


Fig.  144-  —  StfMtpiKt 
^kaiut  Burtimi,  Devoii' 
tan. 


Fig-  145.— rArt-iV/wwf /<i/»*V/fii'«iw.     f  Hing«-area:   m  Hioge-tecth  of  ventnl  volvti 
r  r  Grauul^lcd  burdcr  of  the  interior  of  the  doml  \-^ve. 


of  a  bridge  over  the  visceral  cavity;  cirrated  arms  folded  u[ 
themselves,  and  supported  by  a  calcareous  loop.     (Fig.  145* 
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The  members  of  this  family  are  all  attached  to  some  foreign 
body  by  a  portion  of  the  beak  of  the  ventral  valve,  which,  m 
the  adult  stale,  has  either  no  foramen^  or  an  exceedingly  small 
one.  The  ventral  valve  has  a  well-marked  hinge-area  and  an 
indistinct  triangular  deltidium.  All  the  known  species  belong 
to  the  single  genus  TJ^AvVf/ww,  represented  at  the  present  day 
by  a  single  living  species.  In  lime,  the  genus  Thecidium 
seems  to  have  commenced  in  the  Upper  Trias,  and  is  well  re- 
presented in  parts  of  the  Jurassic  and  Cretaceous  Series. 

Fam.  III.  SpiRiFERrD.€. — Animal  free  when  adult,  or  rarely 
attached  by  a  muscular  peduncle.  Shell  punctated  or  un- 
punctated.  Arms  greatly 
developed,  and  entirely 
supported  upon  a  thin, 
shelly,  spirally-rolled  la- 
mella (fig.  142  and  fig. 
146.) 

The  family  of  the  Spir- 
ifcrida  is  pre  -  eminently 
Palseozoic,  hut  several 
forms  extend  into  the  older 
Secondar>'      Rocks.       No 

member  of  the  family,  however,  has  yet  been  found  in  rocks 
younger  than  the  Lias.  Of  the  genera  of  the  family,  in  the  gen- 
us Sptrifera,  or  Spirifer  (fig.  148),  the  valves  of  the  shell  are 
articulated  by  teeth  and  sockets,  and  the  shell  is  not  punctated. 
The  hinge-area  is  divided  across  in  each  valve  by  a  triangular 
fissure,  which  in  the  ventral  valve  is  closed  more  or  less  com- 


iff.    146. — Alhyris  subtiUta,     Lower  Car- 
boniferous.   The  right-hand  fii^iire  shows  the 


le  rigt 
jtilcrior  of  the  dorsal  valve,  with  the  spiral  su[h 


port*  fiw  the  iinns.     (AAer  Dawson.) 


Fl^  M7  luid  14S.— \^/ir|/STa  acmiptUts,  Devonian.     S/ir(/hu  mitcrvnata,  Bevonion. 

pletely  by  a  pseudo-deltidium,  and  in  the  dorsal  valve  is 
occupied  by  the  cardinal  process.  The  true  Spirifers  are 
mainly  Silurian  and  Devonian,  and  the  forms  of  the  latter 
formation  often  have  the  shell  winged,  or  drawn  out  at  the 
lateral  angles  (fig.  i^S).  The  genus  Spirijcrina  differs  from 
Spirifer  chiefly  in  having  the  shell  pnnrtaterl,  and  extends 
from  the  Devonian  to  the  Lias,  In  the  genus  Cyrtia^  the 
sheU  is  iropunctate,  and  the  deltidium  is  perforated  by  a  small 


L 
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foramen.  Tliis  genus  extends  from  the  Upper  Silurian  lo  the 
Trias.  In  the  genus  Athyris  (fig.  146)  there  is  no  hinge-area 
or  deltidium,  and  the  beak  of  the  ventral  valve  does  not  appear 
to  be  perforated  by  a  foramen  in  the  adult  condition.  All  the 
species  of  At/iyris  appear  to  be  Palaeozoic,  and  they  arc  es- 
pecially characteristic  of  the  Devonian  period.  In  the  genus 
Spirigtra  (inchiding  Retzia)  there  is  no  true  hinge-area,  aad 
the  beak  of  the  ventral  valve  is  terminated  by  a  round  foramen, 
with  a  distinct  deltidinm.  The  members  of  this  genus  extend 
from  the  Silurian  lo  the  Trias.     In  the  genus  Ufscita  the  ibcU 


Fig.  i ^i^^A trypans jiirigtHma}r€ticmtarij,SlAn3c{wa. 

is  impunctate,  there  is  no  hinge-area,  and  the  ventral  valve 
a  long  incurved  beak,  which  is  perforated  in  the  young  s' 
by  a  small  foramen.     The  genus  is,  so  far  as  known,  exclusiv 
Devonian.     Lastly,  in  the  genus  Atrypa  (fig.  149)  the  shdll 
impunctate,  and  the  beak  of  the  ventral   valve  is  long 
incurved.      The  beak    is  perfo: 
by  a  small  foramen,  completed 
deltidium.     GA\ing  to  the  curv 
of  the  beak,  however,  this  foram 
often  concealed,    so    that   the 
seems  to  be  imperforate ;  hence 
name  of  the  genus  ((Jr.  o,  wi 
irupOy  aperture.)     It  is  probable 
the  shell  was  unattached  in  the 
portions  of  its  existence.     The 
is   exchisivcly  Palaeozoic,   ap 
Tna*.  to  be  confined  to  the  Silurian 

Devonian    formations.      The 
known  species  is  A.  rdicularis^  figured  above. 

Fam.  IV.  KoNiNCKiNiDiE. — Animal  unknown.  ShcH  fit 
valves  unarticulated  (?).  Oral  arms  supported  by  two  lamd 
spirally  coiled  (fig.  150). 

The  only  genus  of  this  family  is  Kouinckia^  represented 


khovmg  the  sfnral  »u[>> 


iartii. 

ports  for  the  arms 
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the  single  species  K.  Leonhardi  of  the  Trias  of  St  Cassian. 
The  shell  resembles  Produda  in  being  eared,  and  the  dorsal 
valve  IS  concave,  and  follows  the  curve  of  the  ventral  valve. 
It  differs  from  Produda  in  having  the  arms  supported  upon 
spiral  processes. 

Fam.  V.  RhvnchonelliDjE. — Animal  free,  or  attached  by  a 
muscular  peduncle  issuing  from  an  aperture  situated  under  the 
extremity  of  the  beak  of  the  ventral  valve.  Arms  spirally 
rolled,  flexible,  and  supported  only  at  their  origin  by  a  pair  of 
short,  curved,  shelly  processes.  Shell-structure  fibrous  and 
impunctate.     (Fig.  151.) 


Fig.  \%\.'"RhyHcheMUa  cap<ix ;  dorsal,  profi\e,  aoJ  voQtral  view*. 
Lower  Siluriajv. 

The  Rhynchotieilida  range  from  the  Lower  Silurian  to  the 
present  day,  in  the  person  of  the  ^kw\x^  RhynchomUa  itself;  but 
the  remaining  genera  of  the  family  are  exclusively  Palaeozoic. 
The  genus  ^^^•//t7/<Wi-//[/  (fig.  151)  has  the  valves  more  or  less 
convex,  smooth  or  plaited,  united  by  teeth  and  sockets.  The 
shell  is  trigonal,  generally  w  ith  a  mesial  fold  and  sinus  (fig.  139), 
and  having  the  beak  of  the  ventral  valve  acute,  incurved, 
or  prominent.  The  foramen  is  situated  under  the  beak,  open 
to  view,  or  concealed,  and  entirely  or  partially  completed  by 
a  deltidium.  The  species  of  the  genus  Rhynchondia  are  very 
abundant  in  both  PaL-eozoic  and  Mesozoic  deposits,  and  two 
species  are  known  at  the  present  day. 

In  the  genus  Pcuiamcrus  {^^,.  152),  the  shell  is  ovate,  the 
valves  articulated  by  teeth  and  sockets,  generally  ribbed  or 
striated,  but  sometimes  smooth. 

The  beaks  are  incurved,  that  of  the  ventral  valve  concealing 
a  triangular  fissure.  Inside  the  ventral  valve  "  two  contiguous 
vertical  septa  coalesce  into  one  median  plate,  extending  from 
the  beak  to  a  greater  or  less  distance  ;  and  then  diverge  and 
form  the  deatal  plates,  enclosing  a  triangular  chamber  of  much 
smaller  dimensions  than  the  lateral  ones."— (Davidson.)  The 
small  central  chamber  must  have  been  occupied  by  the  diges- 
tive organs,  and  tlie  spiral  arms  must  have  filled  the  great 
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lateral  spaces.  In  the  interior  of  the  smaller  or  dorsal  \-alvc 
are  two  longitudinal  septa,  wliich  often  form  a  chamber  cor- 
responding to  and  apposed  to  the  median  chamber  in  the 


Tig.  isa. 


•PrHtiitMfrw  Knightii.     'Ihe  richi-hajid  figure  shows  U»c  inunuj 
and  deaLil  plates,  of  the  KnelL     Upper  SUuruui. 


tral  valve.     The  Pattameri  range  from  the  Lower  Silurian' 
the  Carboniferous  inclusive  ;  but  they  are  especially  character 
istic  of  that  portion  of  the  Silurian  series  known  as  the  Lland- 
overy formation.     They  often  occur  in  the  greatest  profusion, 
and  the  species  have  in  many  cases  an  enormous  geograpbi 
range. 

The  two  other  genera  generally  placed  in  the  H/tyncl 
liti(E^\'\z,,  Camarophfiria  and  Porambomtes^  are  of  little  imj 
tance.     The   fom^er   is   confined   to    the   Carboniferous 
Permian  deposits,  and  the  latter  occurs  exclusively  in  strati' 
Lower  Silurian  age, 

Fam.  VI.  STROPHOMENiDiE. — Animal  unkncwn  ;  some  pro- 
bably free— others  attached,  during  the  whole  or  a  portion  of 
their  existence,  by  a  muscular  peduncle.  No  calcified  supports 
for  the  arms.  Shell  with  a  straight  hinge  line  and  a  low  tiiio- 
g\ilar  area  in  each  valve.  Shell-structure  fibrous  or  punctated 
The  Strophomcnidw  are  exclusively  Palseozoic,  and  include  the 


'  '^  ^ji  — OrthU  David' 
loni'.  donal  and  side  view. 
Silurian, 


tide  view.    Silurian. 


genera  Orthis,  Orthisina,  Sirophommay  Leptcena^  and  /Xnw 
sonia^  of  which  the  first  four  only  are  sufHciently  abundant  I' 
need  notice  here. 
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In  the  genus  Orthis  the  valves  are  articulated  hy  teelh  and 
sockets^  and  usually  are  more  or  less  transversely  oblong  {fig. 
153),  There  is  a  straight  hinge-line,  generally 
shorter  than  the  width  of  the  shell.  Each  valve 
has  a  hinge-area,  notched  in  its  centre  by  a 
triangular  fissure  through  which  the  fibres  of 
the  peduncle  were  transmilled.  The  shell  is 
often  more  or  less  flattened  or  depressed,  and 
the  surface  may  be  smooth,  but  is  more  com- 
monly ornamented  with  stride,  or  furnished  with 
well-marked  longitudinal  ribs.  The  species  of 
the  genus  (7r/A/>  abound  in  the  Silurian,  Devonian,  and  Car- 
boniferous periods,  especially  in  the  first  of  these ;  but  the 
genus  is  not  known  to  have  survived  the  Carboniferous  period. 

In  the  genus  Orthisimi  (fig.  156)  the  shell  nearly  resembles 
that  of  Orthis;  but  there  is  a  <louble  hinge-area,  largest  in 
the  ventral  valve,  the  central  fissures  of 
which  are  always  covered  by  a  convex  delti- 
dium  ;  whereas  in  the  latter  genus  they  are 
open.  In  some  species  (as  in  O,  Vcrneuiii) 
the  deltidium  is  perforated  by  a  foramen 
under  the  beak  of  the  ventral  valve.  The 
typical  species  of  Orthisitta  are  Silurian  ; 
but  the  genus  is  stated  by  Mr  Davidson  to 
range  through  the  Devonian  and  Carbon- 
iferous into  the  Permian. 

In  Strophomma  (fig.  157)  the  shell  is 
idcpressed,  generally  semirirnilar,  the  hinge-line  as  long  as 
jthe  width  of  the  shell,  or  longer.  The  surface  may  be  smooth, 
ibut  is  most  commonly  striated  or  ribbed.     There  is  a  double 


Fig.    1 5ft.  —  OriMiiitut 
P^erneuiUi    Lower  Silu- 

rian. 


fif.  157. — Str»^kamenA  mttiqutitn,  Silurian.. 


hinge-area,  which  is  largest  in  the  ventral  valve.  Kach  hinge- 
area  has  a  median  notch,  which,  in  the  ventral  valve,  is  par- 
tially covered  by  a  deltidium.      The  A'entral  valve   may  be 
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convex  or  concave,  and  the  dorsal  valve  follows  the  curvai 
of  the  ventral  valve.     The  species  of  the  genus  Strophe. 
are  very  abundant  in  the  Silurian,  Devonian,  and  CarbonifiB' 
ous  formations,  often  attaining  a  large  size;  but  they  do  not 
seem  to  have  survived  the  close  of  the  last-named  pjcriod. 

In  the  genus  Lcptatta  are  forms  smaller  than  the  Stropk**- 
mettie^  but  resembling  them  in  many  respects.  The  shell  is 
more  or  less  completely  semicircular  (fig.  158),  with  a  double 
hinge-area,  notched  in  the  centre,  the 
fissure  in  the  ventral  valve  being  panly 
covered  Ijy  a  deltidium.  The  valvo 
articulate  by  teeth  and  sockets,  and  the 
surface  is  generally  striated-  The  Ltp- 
tattis  extend  from  the  Silurian  Rocki 
to  the  summit  of  the  Lias,  but  are  noi 
known  in  any  younger  deposits. 

Fam.  VII.  pRODUCTiD.iu — Animal  un- 
known. Shell  entirely  free,  or  attached 
to  submarine  objects  by  the  substance 
of  the  beak ;  valves  either  regularly  articulated,  or  kept  in 
place  by  muscular  action  alone.  No  calcified  supports  for 
the  oral  processes.  The  Productides  are  exclusively  Palaeozoic 
and  are  especially  characteristic  of  the  Devonian,  Carbooiiis^ 
ous,  and  Permian  deposits. 

The  two  most  imjiortant  genera  of  the  Produttida 
Chonetes  and  Produda.  In  the  genus  Chonetes  (fig,  159) 
shell  is  concavo-convex,  transversely  oblong,  witli  a  stiai 


Fifr  15B. — Le/tiTHa  stri- 
eta.  a  Vcmral  valve  ;  ^ 
Dorsal  valve  :  c  Section  of 
tfao  shcU.    Silurian. 


Tig.  159. — Chimete*  DaimanmHa^  C&rboniferQUt. 

hinge-line.  The  hinge-line  is  as  wide  as  the  shell,  or  the 
is  eared.  The  ventral  valve  is  convex,  the  dorsal  co 
and  both  have  a  distinct  hinge-area,  with  a  central  ti; 
closed  in  the  ventral  valve  by  a  pseudo-deltidium. 
upper  edge  of  the  hinge-area  of  the  ventral  valve  is  fumis 
with  a  row  of  delicate,   tubular  spines.      The   species 
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Chonetes  are  distributed  in  the  Silurian,  Devonian,  and  Car- 
boniferous periods,  but  they  are  most  abundant  in  the  last 
of  these. 

In  the  genus  Producta  (fig.i6o)  the  valves  are  not  articu- 
lated by  any  apparatus  of  teeth  and  sockets,  and  the  shell 


Fiff-  iAo.'^-P'vdticIa  cara,  LarlKtntfcroiiv     a  Dorsal  valve ;  6  Ventral  valv«w 
(After  Dawson.) 

would  appear  to  have  been  free  in  the  adult  condition.  The 
shell  is  generally  transversely  elongated,  and  is  auriculate,  or 
furnished  with  ear-like  expansions.  There  is  a  straight  hinge- 
line,  usually  shorter  than  the  width  of  the  shell.  The  hinge- 
area  is  nidimentary  or  wanting.  The  ventral  valve  is  convex, 
the  dorsal  concave,  following  the  curve  of  the  former.  The 
surface  is  ribbed  or  striated,  and  the  ribs  carry  a  greater  or 
less  number  of  longer  or  shorter  tubular  spines,  which  are 
especially  abundant  upon  the  auricular  expansions.  The 
species  of  Produda  range  from  the  Devonian  to  the  Pemaian, 
but  the  genus  is  essentially  and  especially  characteristic  of  the 
Carboniferous  period. 
Fam.  VIII.  CRANTADyE.— Animal  fixed  to  submarine  ob- 
jects by  the  substance  of  tlie  ventral  valve.     Arms  fleshy  and 


Fijf.  i6i.— C'(Mi*a  fgHab<t-gtHsis,  Cretaceous. 


irally  coiled.     No  hinge  or  articulating  processes;  upper  or 
^^>xsal  valve  limpet-slaaped  (fig.  i6i).     The  family  includes  the 
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single  genus  Craniaf  which  commenced  in  the  Silurian  period, 
and  has  continued  to  exist  without  interruption  to  the  present 
day.  The  shell  may  be  smooth,  or  striated  with  raJdiating 
ribs,  sometimes  with  spines  or  foliaceoxis  expansions.  The 
ventral  valve  is  the  shallowest,  and  the  shell  is  usually  attached 
by  a  portion  of  its  substance.  The  dorsal  valve  is  more  or 
less  conical,  and  the  valves  are  simply  kept  in  apposition  by 
muscular  action. 

Fam.  IX.  nisctNiD.c- — Animal  attached  by  means  of  a 
muscular  peduncle  passing  through  the  ventral  or  lower  vah"*, 
by  means  of  a  slit  in  its  hinder  portion  or  a  circular  foraracn 
excavated  in  its  substance.  Arms  fleshy.  Valves  unarticulatcd. 
The  Disdnida  range  from  the  Silurian  period  to  the  present 
day.  The  three  most  imi>ortant  genera  are  Discina^  Trnnatis, 
and  Siphonotreta. 

In  Discina  (fig,  162)  the  shell  is  generally  circular  or  orbicB- 
lar  in  shape.     The  upper  valve  is  Hmpet-shaped,  smooth  or 
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Fig.  \i>%.— 'Discina  Citxr,  Siturian. 


Fig.  i63.~Z>wrMM  i'tUpem^  Silt 


concentrically  striated  ;  the  ventral  valve  is  flat  or  partly 
vex,  perforated  by  a  longitudinal  slit,  which  is  placed  in 
middle  of  an  oval  depressed  disc.  The  valves  are  not 
lated  to  one  another,  but  are  kept  together  by  muscuhir  at 
alone.  The  species  of  the  genus  Discitta  range  from 
Silurian  Rocks  to  the  present  day,  seven  species  being  not 
living. 

In  the  genus  Trcmatis  both  valves  are  more  or  less  coovcs», 
and  the  general  shape  of  the  shell  is  more  or  less  oval  or 
orbicular.     The  ventral  valve  is  fumii 
with  a  slit  for  tlie  jjassage  of  a  pedur 
of 'attachment.     This  genus  seems  to 
exclusively  Silurian. 

In   the   genus   SiphonoUda  (fig.  164) 

the  shell  is  oval,  inequivalve,  with  u^ 

articulated   valves.      The    beak    of  I 

ventral  valve  is  perforated  by  a  forair 

which  opens  on  its  back,  and  communicates  with  the  intei 

by  a  cylindrical  tube.     The  surface  of  the  shell  is  covered  w 


t  ig.    164.  —  Si^hottftrtiUt 
Vtrmcota.  Silurian. 
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concentric  lines  of  growth,  and  furnished  with  numerous  deli- 
cate tubular  spines,  which,  however,  are  rarely  preserved.  All 
the  Siphonotrdit  ^\.  present  known  belong  to  the  Silurian  period. 

Fam.  X.  LiNGUUD^E. — Animal  fixed  by  a  muscular  peiiuncle 
passing  out  between  the  beaks  of  the  valves.  Arms  fleshy,  not 
supported  by  calcified  processes.  Shell  unarticulated,  sub-equi- 
vaive,  of  a  horny  texture/  The  Ltn^uiuics  range,  in  the  person 
of  Liftgu/a  itself,  from  the  Cambrian  period  to  the  present  day. 

In  the  genus  Lm^tla  (fig.  165)  the  shell  is  oblong,  cora- 
j>ressed,  the  dorsal  valve  little  smaller  than  the  ventral.     I'he 


Fig.  tSi.'—Z.ingTi/a  Eva,  Lower  Stlurian.     Dorsa]  and  vcDtral  valves. 
(After  Illllii)g«.) 

shell  is  oval,  rounded,  or  satchel-shaped,  tapering  more  or  less 
towards  the  beaks.  The  surface  is  concentrically  striated  M-ith 
lines  of  growth.  The  genus  commences  to  be  represented  in 
the  Cambrian  Rocks,  and  has  continued  without  mtcnuption, 
and  with  no  perceptible  change,  to  the  present  day. 

In  Obo/us  the  valves  are  orbicular,  sub-equal,  smooth,  the 
ventral  valve  having  a  longitudinal  furrow  for  the  passage  of 


' 


Fig.  166. — OMelta  eingHtata,  Billings.     Upptr  Cambrian. 

fibres  of  attachment.  The  valves  are  unarticulated,  and  are 
maintained  in  apposition  by  muscular  action.  All  the  known 
species  of  Oboius  are  confined  to  the  Silurian  period,  and  are 
especially  characteristic  of  the  Lower  Silurian  period.     The 
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genus  Oboldia  (fig.  166)  of  Mr  Billings  is  only  separated  from 
Oh/us  by  certain  internal  characters.  The  little  shells  belong- 
ing to  this  genus  sometimes  occur  in  mjiiads  in  the  Potsdam 
Group  (Upper  Cambrian)  of  North  America. 


CHAPTER  XX. 


LAMELLIBRANCHIA  TA. 


The  LamcUibratichiata  or  Bivalve  Shell-fish  are  distinguishtd 
by  the  fact  that  the  fund  is  not  distinct,  and  the  mouth  is  desiitdi 
of  ariy  apparatus  of  teeth.  The  body  is  more  or  Uss  complettij 
protectai  in  a  bivahe  she//,  composed  of  t7vo,  usuai/y  syrnmelricd^ 
pieces  or  valves.  T/iere  are  generally  two  leaf -like  lamellar  gi!h 
upon  each  side  of  the  body. 

The  Lamellibranchs  include  all  the  ordinary  Bivalve 
fish,  such  as  Oysters,  Cockles,  Mussels,  and  the  like,  and 
are  all  either  marine  or  inhabitants  of  fresh  water. 

Though  they  agree  with  the  Brachiopoda  in  possessing 
shell  which  is  composed  of  two  pieces  or  valves,  there 
nevertheless,  many  points  in  which  the  shell  of  a 
branch  is  distinguishable  from  that  of  a  Brachiopod, 
tive  of  the  great  difference  in  the  structure  of  the  aniinal 
each.  The  shell  ia  the  Brachiopoda^  as  we  have  seen,  is 
or  never  quite  equivalve,  and  always  has  its  two  sides  eqi 
developed  (equilateral) ;  whilst  the  valves  are  placed  artrffr 
posteriorly  as  regards  the  aniinal,  one  in  front  and  one  bcteiil 
so  that  they  are  "  dorsal  "  and  '*  ventral."  In  the  LumdlikM- 
chiata^  on  the  other  hand,  the  two  valves  are  usually  ofnorff 
equal  size  (equivalve),  and  are  more  developed  on  one  s<Jt 
than  on  the  other  (ine(|uilateral) ;  whilst  their  position  j^  ^ 
gards  the  animal  is  always  lateral,  so  thai  they  are  proptf? 
termed  ^'  right  "and  "left"  valves,  instead  of  "venlral"  vA^ 
"dorsal." 

It  is  to  be  remembered,  however,  that  many  oftheBiva)«^j 
such  as  the  Oysters^  habitually  lie  on  one  side,  in  which 
the  valves,  though  really  right  and  left,  are  called  "  upptf'* 
"lower."     It  is  to  be  borne  in  mind  also  that  the  two  \'> 
especially  in  the  attached  Bivalves,  may  be  very  unsym 
cal,  one  valve  being  mucli  iiurger  or  deeper  than  the 
Lastly,  there  arc  some  cases  in  which  the  shell  becomes 
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nearly  equilateral,  the  line  drawn  from  the  beaks  to  the  base 
dividing  the  shell  into  two  almost  equal  halves. 


n 


Tig.  16^. — Left  valve  uf  Cythtrra  chioHr  (xftcr  Wiindward).  A,  Anterior  margin; 
fVulcnor  Ruugin  :  C,  Vciilntl  margin  nr  bjiie;  h  Umbo;  k  li^uneiu;  /  Lunula  I 
ardinol  tooth  ;  it  Lateral  teeth  ;  a  Anterior  adductor  ;  a  Posterior  adductor;  jl  P^- 
Une ;  $  PalUal  linus,  caused  b>-  the  retractor  muscles  of  the  siphons. 

The  following  are  the  chief  points  to  be  noticed  in  connec- 
m  witli  the  shell  of  any  Lamellibranch  :   Each  valve  of  the 
lell  may  be  regarded  as  essentially  a  hollow  cone,  the  apex 
which  is  tnmcd  more  or  less  to  one  side  ;  so  that  more  of 
le  shell  is  situated  on  one  side  of  the  apex  than  on  the  other, 
le  apex  of  the  valve  is  called  the  "umbo,"  or  "  beak  "  (fig. 
[67,  //),  and  is  always  turned  towards  the  mouth  of  the  animal. 
;onse(|uently  the  side  of  the  shell  towards  which  the  umbones 
turned  is  the  **  anterior"  side,  and  it  is  usually  the  shortest 
ilf  of  the  shell.     The  longer  half  of  the  shell,  from  which  the 
ibones  turn  away,  is  called  the  "  posterior"  side,  but  in  some 
ies  this  is  equal  to,  or  even  shorter  than,  the  anterior  side. 
le  side  of  the  shell  where  the  beaks  are  situated,  itnd  where 
le  valves  are  united  to  one  another,  is  called  the  "dorsal" 
^de  ;  and  the  opposite  margin,  along  which  the  shell  opens,  is 
called  the  "ventral  "  side,  or  "  base."    The  length  of  the  shell 
is  measured  from  its  anterior  to  its  posterior  margin,  and  its 
'     ^cadih  from  the  dorsal  margin  to  the  base. 

At  the  dorsal  margin  the  valves  are  united  to  one  another 

I    ibr  a  shorter  or  longer  distance,  along  a  line  which  is  called  the 

•'  hinge-line."     The  union  is  effected  in  most  shells  by  means 

I  a  series  of  parts  which  interlock  with  one  another  (the 
teeth"),  but  these  are  sometimes  absent,  when  the  shell  is 
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said  to  be  "  edentulous."  Posterior  to  the  umbones,  in  most 
bivalves,  is  another  structure  passing  between  tlie  valves,  which 
iscalletl  the  'Migament,"  and  which  is  usually  composed  of  two 
parts,  either  distinct  or  combined  witli  one  another.  These 
two  parts  are  known  as  the  *'  external  ligament  "  (or  the  liga- 
ment proper),  and  the  "cartilage,"  and  they  constitute  the 
agency  wheieby  the  shell  is  opened ;  but  one  or  other  of  them 
may  be  absent.  The  ligament  proper  is  outside  the  shell,  and 
consists  of  a  band  of  horny  fibres,  passing  from  one  valve  to 
the  other  just  Mind  the  beak,  in  such  a  manner  that  it  is  puc 
upon  the  stretch  when  the  shell  is  closed.  The  cartilage,  or 
internal  ligament,  is  lodged  between  the  hinge-lines  of  the  two 
valves,  generally  in  one  or  more  "pits,"  or  in  special  processes 
of  the  shell.  It  consists  of  elastic  fibres  placed  perjjendiculariy 
between  the  surfaces  by  which  it  is  contained,  so  that  they  axe 
necessarily  shortened  and  compressed  when  the  valves  art 
shut.  To  open  the  shell,  therefore,  it  is  simply  necessary  for 
the  animal  to  relax  the  muscles  which  are  provided  for  the 
closure  of  the  valves,  whereupon  the  elastic  force  of  the  liga- 
ment and  cartilage  is  sufficient  of  itself  to  open  the  shell. 

The  hinge-line  is  mostly  curved,  but  it  may  be  quite  straight. 
Generally  the  bealcs  are  more  or  less  contiguous,  but  they  may 
be  removed  from  one  another  to  a  greater  or  less  distaDce.and 
in  some  anomalous  fonns  they  are  not  near  one  another  at  afl. 
In  the  j'tnnJtz  the  two  beaks  are  separated  from  one  another 
by  an  oval  or  lo^renge-shaped  fiat  space  or  area.  When  lecti 
are  present,  they  differ  much  in  their  form  and  arrangcmeflt. 
In  some  forms  (fig.  167)  the  teeth  are  divisible  into  three  wts 
— one  group,  of  one  or  more  teeth,  placed  immediately  bcneaii 
the  umbo,  and  known  as  the  *'  cardinal  teeth  ; "  and  two 
groups  on  either  side  of  the  preceding,  termed  the  'Materal 
teeth."  Sometimes  there  may  be  lateral  teeth  only ;  some- 
times the  cardinal  teeth  alone  arc  present ;  and  in  sonie  cafiCS 
(Arcaiia)  there  is  a  row  of  similar  and  equal  teeth. 

In  the  interior  of  the  shell  of  the  Bivalves  are  found  ccrniB 
markings  which  arc  often  of  great  importance  to  the  paI;ron- 
tologist.  The  body  is  enclosed  in  an  expansion  of  the  dorsjl 
integument,  which  constitutes  the  "mantle"  or  "  pallimn,* 
whereby  the  shell  is  secreted.  Towards  its  circumference  the 
mantle  is  more  or  less  completely  united  to  the  shell,  lea 
in  its  interior,  when  the  soft  parts  are  removed,  a  more  or 
distinctly  impressed  line,  which  is  called  the  **  pallial  line" 
"palUal  impression"  (fig,  168,^).  In  some  of  the  Bivalves 
two  halves  or  *'  lobes  "  of  the  mantle  are  united  at  their  1 
gins,  so  that  the  animal  is  enveloped  in  an  almost  closed 
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these  cases  it  is  necessary  that  there  should  be  orifices  in 
:  mantle-sac  by  which  water  can  be  admitltil  to  the  gills,  and 
I  be  expelled  again  from  the  body.  The  margins  or  lips  of 
isc  orifices  are  usually  drawn  out  or  extended  into  longer  or 
>rter  muscular  tubes,  which  are  termed  the  **  siphons,"  and 
ich  may  be  either  separate,  or  may  be  united  to  one  another 
Fng  one  side.  The  Bivalves  which  possess  these  siphons 
:  said  to  be  *'  siphonate,"  and  there  are  two  leading  modi- 
itions  in  the  arrangement  of  these  tubes.  In  the  Siphonate 
iralves  which  spend  their  existence  buried  in  sand  or  mud, 
well  as  in  many  other  cases,  the  siphons  are  long,  and  can 

partially  or  entirely  retracted  within  the  shell  by  means  of 
scial  muscles,  called  the  "  retractor-muscles  of  the  siphons." 

these  cases,  the  pallial  line  does  not  run  in  an  unbroken 
rvc,  but  is  deflected  inwards  posteriorly,  so  as  to  form  an 
ientation  or  bay,  which  is  termed  the  **  pallial  sinus"  (fig. 
8,2).  The  presence,  therefore,  of  ti//  indented  paUiai  ime 
(nvs  that  the  animal  possessed  retractile  siphons.     In   other 


^t  t68. — ShelU  of  Lainc1li1)ranc1ii;ita.     t.  Cyctat  amntcn,  2.  dtmyary  shell  with  a.n 
^  pallial  line.     »,    Tafes  fu!lastr,t,  a  dimjrary  shell  with   an  indented  ^.illl.il  line, 
rfihi/fiintu,    a    nionomyary   !>hcll.     (Aflcr    Woutlward.)     a    i'olUal    line;    & 
imprcMioaa  icft  by  the  adducton ;  c  Siphonal  impression. 


■^ves  the  respiratory  siphons  are  of  small  size,  and  are  dcs- 
'te  of  retractor  muscles,  so  that  they  cannot  be  withdrawn 
Kin  the  shell.  In  these  cases  the  '*  pallial  line,"  or  the  im- 
Ssion  caused  by  the  attachment  of  the  muscular  border  of 
mantle,  is  unbroken  in  its  curvature,  and  presents  no 
^ntaiion  (fig.  168,  i).  In  another  group  of  the  Bivalves 
t'e  are  no  respiratory  siphons  at  all,  and  the  mantle-lobes 
free,  and  are  not  united  to  one  another  at  their  edges.  In 
&e  cases  also,  the  palMal  line  is  unbroken  or  '*  simple." 
t«n,  therefore,  we  find  a  Bivalve  shell  in  vfWich  the  pat/ia/ 
^  is  not  indented  by  a  sinus,  we  know  that  the  animal  which 
^bited  the  shell  cilher  possessed  no  siphons^  or  that  if  siphons 
^<presctUy  they  were  small  and  mi  retractile^ 
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In  accordance  with  these  considerations,  the  Lamdlibranch- 
ata  are  divided  into  two  sections,  according  as  respiralcny 
siphons  are  present  or  absent,  and  according  to  their  nature 
when  they  exist. 

Section  A.  Asiphonida.— Animal  wthout  respiratory  si- 
phons; mantle-lobes  free;  the  pallial  line  simple  and  not  in- 
dented {Intf^o-pallialia). 

This  section  comprises  the  families  Osiretda,  Aviadiim^My 
tiliday  Arcada,  IrigoniaJiSj  and  Unionidm, 

Section  B.  Siphonida. — Animal  with  respiratory  siphow; 
mantle-lobes  more  or  less  united. 

Two  subdivisions  are  comprised  in  this  section.  In  the 
first  the  siphmis  are  shorty  and  the  patHal  line  is  simple  (Ini^ 
paUialia) ;  as  is  seen  in  the  families  Cltamidce,  HippuriiiiM, 
Tridacnidce,  Cardiada^  Lucinida,  Cychdida,  and  CypnniJa. 

The   second   subdivision   {Sinu-patlialia)    is   distin, 
by  the  possession  of  long  respiratory  siphons^  and  a  si\ 
faltial  iine^  and  it  comprises  the  families    Vettertdce^  Ml 
Teilinida^  ScienidcSy  AfyacidiZ,  Anatirtida^   Gastrochanida^ 
Pholadidu. 

Besides  the  impressions  left  by  the  muscular  border  of 
mantle,  and  by  the  retractor  muscles  of  the  siphons,  wi 
these  are  present,  there  are  other  impressions  caused  by 
insertion  into  the  shell  of  the  muscles  by  which  the  vaJrcs 
brought  together — the  "  adductor  muscles."     The  numbtf 
adductor  muscles  never  exceeds  two,  but  there  may  be 
one  ;  and  in  accordance  with  this  distinction  the  Bi\'aJ 
been  diWded  into  the  two  groups  of  the  Dimyaria  and 
myaria.     These  divisions,  however,  are  of  small  actuaJ 
In  most  Bivalves  there  are  two  adductor  muscles  passing 
tween  the  inner  surfaces   of  the   valves,  one   being  pl*t*' 
anteriorly,  in  front  of  the  mouth,  whilst  the  other  is  jitoiw 
posteriorly,  in  the  neighbourhood  of  the  vent     In  theMo*j 
myary  Bivalves  it  is  the  posterior  adductor  which 
and  the  anterior  adductor  is  absent     The  adduciois 
distinct  ''muscidar  impressions,"  or  scars,  in  tlie  interioi 
shell,  so  that  it  is  easy  in  any  given  specimen  to  <ieti 
where  there  was  only  one  adductor,  or  whether  two»W 
sent  (see  fig.  168). 

The  habits  of  the  LanuUibratuhiata  are  very  various, 
.such  as  the  Oyster  (Ostrea),  and  the  Scallop  {Pid^^^ 
ually  lie  on  one  side,  the  lower  valve  being  the  dcept^ 
the  foot  being  wanting,  or  rudimentary.     Others,  such 
Mussel  (Myti/jis),  and  the  Pinna j  are  attached  to  some  i* 
object  by  an  apparatus  of  threads,  which  is  called  the  "  b) 
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is  secreted  by  a  special  gland.  Others  are  fixed  to  some 
1  body  by  the  substance  of  one  of  the  valves.  Many,  such 
le  MyaSf  spend  their  existence  sunk  in  the  sand  of  the  sea- 
e  or  in  the  raud  of  estuaries.  Others,  as  the  P^iolades 
LUhodomiy  bore  holes  in  rock  or  wood,  in  which  they  live. 
Jly,  many  are  permanently  free  and  locomotive. 
B  regards  the  general  dUtributum  in  time  of  the  LamelH- 
'chiata,  the  class  seems  to  have  commenced  in  the  Lower 
ian  Rocks,  and  to  have  steadily  increased  up  to  tlie  pre- 
day,  when  it  seems  to  have  attained  its  maximimi,  both 
igards  numbers  and  as  regards  variety  of  type.  The  recent 
Jves  are  also  superior  in  organisation  to  those  which  have 
eded  them.  In  the  Paljeozoic  and  earlier  Secondary  de- 
ts  the  Bivalves  belong  mainly  to  the  group  of  the  Asiph- 
o,  in  which  there  are  no  respiratory  siphons.  In  the  later 
mdary  and  Tertiary  Rocks,  on  the  other  hand,  there  is  a 
lominance  o^  Siphonate  Bivalves,  in  which  the  mantle-lobes 
united  and  there  are  respiratory  siphons.  Ui)on  the  whole, 
LanuUibranckiata  are  sparingly  represented  in  the  Lower 
nan,  more  abundant  in  the  Upper  Silurian^  reduced  in 
ibcrs  in  the  Devonian,  very  plentiful  in  the  Carboniferous, 
ity  in  the  Permian  and  Trias,  profusely  represented  in  the 
issic  Rocks,  and  very  abundant  in  the  Cretaceous  and  Ter- 
(rperiotls  (Lobley).  In  the  Carboniferous  Rocks  the  family 
J»e  AviatlidiE  is  especially  abundant.  One  very  singular 
aberrant  family — viz.,  the  Hippuritida — is  exclusively  con- 
tJ  to  the  Secondary  period,  and  is  not  known  to  occur  out 
iie  limits  of  the  Cretaceous  formation.  The  Vcfieridie^ 
A  are  perhaps  the  most  highly  organised  of  the  Lamdli- 
\ehiata,  appear  for  the  first  time  in  the  Oolitic  Rocks,  and, 
Basing  in  the  Tertiary  period,  have  culminated  in  the 
ent  period.  The  remains  of  Lamdlibranckiata  are  very 
idant  in  many  formarions,  and  are  of  great  pala^ontological 
>rtance.  It  will  therefore  be  well  to  review  the  families* 
le  class  briefly,  giving  the  leading  characters,  more  impor- 
genera,  and  geological  distribution  of  each. 


Section  A.  Asiphonida. 

Am.  1.  OsTREiD-€. — Shell  inequivalve,  slightly  inequilateral, 
or  attached;  hinge  usually  edentulous.    Ligament  internal. 

la  the  following  synoptical  view  of  the  Ijtmdlil'ratKhiala,  the  classi- 
Od  adopted  in  Woodward's  admirable  Manual  of  the  MoUusca  has 
mainly  foliowed. 


Lobes  of  the  mantle  entirely  separated ;  the  foot  small  and 
byssiferous,  or  wanting.     A  single  adductor  muscle. 

In  the  typical  Oysters,  forming  the  genus  Osiretx  (figs.  i( 


Fig.  169. — Ottrra  Ctmltmi,  Lower  GrecnsiDfL    ' 

170),  the  shell  is  irregular,  and  is  attached  by  the  left 
which  is  also  convex,  and  has  a  well-marked  beak.    The  upptf 
valve  is  generally  flat  or  concave,  and  is  the  smallest  of  the 


Fig.  170. — Ottrta  agmiJa,  Lower  Greensand. 

two  valves.     The  hinge  is  toothless.     Both  valves  mar  be 
more  or  less  completely  plain,  and  the  upper  one  esperiiily 
often  is  so.     The  lower  valve,  however,  is  commonly  pU: 
and  both  valves  are  sometimes  thus  ornamented,  as  in 
Marsha  of  the  Oolites  (fig.  171). 

In  the  sub-genus  Gryph(sa  are  included  Oysters  which 
either  quite  free  or  very  slightly  attached.     The  left  or 
valve  (fig.  172)  is  mucli  the  largest,  and  has  a  very  pronouD( 
incurved  beak,  whilst  the  right  valve  is  small  and  concave, 
the  sub-genus  Exogyra^  again,  the  beaks  are  "  reversed"—^ 
is  to  say,  turned  towards  the  posterior  side  of  the  shell.    Ti 
Oysters  commence   to  be  represented   in  the  Carbonifcrc 
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eas,  aboond  in  the  Secondary  and  Tertiary  periods,  and  are 
fcry  plentiful  at  the  present  day.  The  sub-genera  Gryphaa 
\£xcgyra  are  exclusively  Mesozoic,  the  former  abounding 


^VSff- 


171, — liitrni  Martkii,  OnSoirA 
CUy  (Middle  Oolites). 


ty/Hata  tMtMfX'ii,  Ltiif. 


especially  in  the  lower  portion  of  the  Oolitic  scries,  whilst  the 
Utleris  chiefly  characteristic  of  the  lalcr  Oolilic  and  Cretace- 
ous deposits. 

In  the  Att^mia  the  shell  is  thin  and  translucent,  and  is  fixed 
to  some  solid  body  by  a  plug  which  passes  through  a  hole  or 


Fif^.  tjy-TpMUm  hlamiu-ui,  IkU  Viilve.      Po&t  Tertiary  and  Recent 

in  the  right  valve.     The  typical  fossil  species  are  dis- 
iicd  from  the  Oolites  upwards.     The  Oolitic  genus  P/acfi- 
is  is  also  related  to  A/tom/'a. 
The  genus  y'^■^A•//  includes  the  Scallops  (fig.  173),  in  which 
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the  shell  rests  upon  the  right  valve,  and  the  beaks  are  furnished 
with  ears.  The  anterior  cars  are  usually  the  largest  and  most 
prominent^  and  the  shell  is  generally  furnished  with  ribs  radiat- 
ing from  the  umbos.  Hie  right  valve  is  tlie  deepest,  and  ii 
notched  below  the  anterior  ear.  Counting  in  its  sub-genera, 
nearly  five  hundred  species  of  the  genus  Pccien  are  known  in 
the  fossil  state,  commencing  in  the  Devonian  Rocks,  and  e.v 
tending  to  the  present  day.  The  Palaeozoic  Pectens  are  63 
tinguished  from  their  successors  in  more  modem  rocls  h 
having  the  posterior  ears  larger  than  the  anterior;  and  the} 
arc  therefore  placed  by  M'Coy  in  a  new  genus,  under  the 
name  of  AvkiUoptdcti.  They  are,  however,  usually  rq;arded  is 
belonging  to  the  Aviadida, 

In  the  genus  Lima  (or  Piagiostoma)  the  shell  is  equi^-alve  aad 
free,  whilst  the  beaks  are  separated  from  one  another  and  are 
cared.  The  genus  is  represented  by  numerous  species 
rocks  of  the  Secondary  period,  and  has  survived  to  the  pn 

In  Spcmiyius  (fig.  1 74)  the  shell  is  inequivalve,  and  is  fixed] 
the  right  valve  to  some  foreign  body.    The  beaks  areaparcj 


eared,  .nnd  the  shell  is  covered  with  spines,  foliaceou3 
sions,  or  ribs  radiating  from  the  beak.     The  lower  valve 
triangular  hinge-area,  and  there  are  two  teeth  in  each 
The  Spondyii  seem   to   have  commenced  in  the   Cret 
period,  in  which  they  are  very  abundant,  and  they  have 
tinucd  through  the  Tertiary  period  to  the  present  day. 

Lastly,  the  Plkatuftn  (fig.  175)  approach  the  Spondyiiviy 
b)-  liaving  an  inequivalve  shell,  which  is  attached  by  the 
valve,  and  by  having  two  hinge-teeth  in  each  valve.    The  sbcH 
however,  is  rarely  eared,  the  hinge-area  is  obscure,  and 
valves  are  not  spiny,  though  ihey  may  be  plaited.     Thc/^ 
tuiie  extend  from  the  Trias  to  the  present  day,  and  iheyaljor 
to  such  an  extent  in  parts  of  the  Lower  Greensand  (Crctaccoi 


Fam.  a.  AviculidjE,— Shell  inequivalve,  very  oblique,  al- 
Sached  by  a  byssus  j  hinge  nearly  or  quite  etlentulous.  Mantle- 
obes  free;  anterior  adductor  small,  leaving  its  impression 
vithin  the  umbo ;  posterior  adductor  large  and  sub-central. 
3*001  small. 

Leaving  out  of  consideration  the  genus  Avicuhpecicn,  which 
Siolds  a  dubious  position,  and  has  been  already  spoken  of,  the 
hief  fossil  genera  of  the  Av'tcuiidiz  are  Avicula^  Posidonomyay 


Fig,  177. — A  mbonvchM  radUtta, 
Lower  Silurian. 


<itrfUUa^  Ptrna,  InoceramuSy  andP/nna.    In  the  genus  ^T'/V///rt 
<fig.  176)  the  shell  is  oblique  and  very  iacquivalve.     The  right 
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valve  has  a  notch  under  the  anterior  ear ;  and  the  hinge  hu 
one  or  two  cardinal  teeth,  sometimes  with  an  elongated  pos- 
terior tooth.  The  true  Aviada  are  represented  b3'vtrynurocr 
ous  fossil  species,  extending  from  the  Lower  Silurian  Rocks  to 
the  present  day.  Of  the  sub-genera  oi  Aviatltt,  the  three  mosT 
important  fossil  forms  are  Ambonychia^  Picrinea^  and  Cj'  -■ 
the  place  of  the  last  in  this  family  being  somewhat  douhiul 
In  the  Ambonychia  (fig.  177)  the  valves  are  gibbous,  ncJr.y 
equal,  and  the  anterior  ear  is  almost  obsolete.  They  citend 
from  the  Lower  Sihman  to  tlic  Carboniferous.  The  .flBraflir 
(fig.  178)  are  very  abundant  in  the  Silurian  Rocks,  especuDf 
in  the  upper  division  of  the  scricSj  and  they  extend  lo  the  Cl^ 


"ffffff 
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Fig.  178.— A,  Pttrinta  tnh-/itk^ta;  B,  Carxfiofa  iMtfrrv/ta;  C,  Canti^laJihMk 

(After  M'Coy  ami  Salter.)    Silurian. 

boniferous  Rocks.    They  have  a  shell  with  large  ears  and 
oblique^  the  hinge-area  being  long  and  straight.    The  Car* 
have  an  oblique,  equivalve  shell  (fig.  i7St  B),  radialel)  nb 
with  prominent  beaks  and  a  short  hinge-area.    They  arc 
characteristic  of  the  Upper  Silurian  Rocks,  but  they  have 
stated  to  occur  in  the  Lower  Silurian,  and  they  arc  U 
the  Devonian. 

The  shells  of  the  genus  Posidonomya  are  very  thm* 
centrically  striated,  equivalve  and  earless.     They  extend 
the  Silurian  to  the  Trias,  but  are  especially  characterisi 
the  Carboniferous  Rocks.     Many  of  the  smaller  shells  refc 
to  Posidommiya  are  undoubtedly  referable  to  the  CrusUi 
genus  Estheria. 

The  genus   Gcrt'iUia  comprises  a  number  of  fossil 
which  range  from  the  Carboniferous  Rocks  to  ihe  Chalk, 
which  are  very  like  the  true  Aviada,     The  shell  is  elonga 
the  anterior  ear  small,  and  tlie  posterior  ear  broad  and 
like     Nearly  allied   to   Gcn^iUia  is  the  genus  P^mo, 
commenced  in  the  Trias,  and  is  represented  in  recent « 

Nearly  related  to  both  Gennliia  and  P^ma  is  the 
Inoccramus  (figs.  179,  180),  which  is  entirely  confined 
Secondary  period,  and  is  mainly  characteristic  of  the 
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ceous  series.  The  shells  of  this  genus  are  incquivalve,  with 
radiating  ribs  or  concentric  furrows,  and  with  prominent 
beaks.     The  hinge-line  is  long  and  straight,  with  numerous 


I^>8   )  79-— /jtK^mimiu  lukatUM.    Gault  (Crctdceaus). 


'  iimm 


fsS^S^ 


Fig.  iSa — Inecerttmms ^rvbUmatuHi,     L-hiilL. 


iitilage-pits.     Some  of  the  Inoctrami  attain  a  length  of  two 
three  feet,  and  fragments  of  them  are  often  found  perfor- 

by  boring  sponges. 
The  last  genus  of  the  AvicuHda  is  Pinna,  in  which  the  shell 
"is  equivalve  and  wedge-shaped,  and  the  beaks  are  placed 
quite  on  the  anterior  side  of  the  shell.  The  Pinna  seem  to 
have  commenced  in  the  Devonian,  but  their  existence  prior 
to  the  Carboniferous  penod  is  a  matter  of  some  uncertainty. 
"any  species  are  known  in  the  Secondary  and  Tertiary 
»cks,  and  the  genus  is  well  represented  by  living  forms. 
ic  sub-genus  Trichites  is  exclusively  Oolitic,  and  the  shells 
iferred  here  sometimes  attained  an  enormous  size. 
Fam.  3.  MvTtLiDjii, — Shell  equivalvej  umbones  anicriar; 
linge  edentulous;  anterior  muscular  impression  small,  pos- 
terior large.  Shell  attached  by  a  byssus.  Mantle-lobes  united 
between  the  siphonal  apertures.  Foot  cylindrical,  grooved,  and 
3yssiferous.  The  chief  fossil  genera  of  the  Afyti/idie  are 
AiytiiuSy  Modio/ti,  Liihodomus^  Modio/opsiSj  and  Orthonoia. 

In  the  genus  Mytilus  are  the  true  Mussels,  in  which  the 
s}iell  is  wedge-shaped,  and  the  beaks  terminal.  Numerous 
fossil  forms  are  known,  commencing  in  the  Permian.  The 
■JHodioiif,  or  "  Horse-mussels/'  have  the  beaks  anterior,  blunt, 
^ot   pointed,  the   hinge   edentulous,   aud   the  shell   oblong. 
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More  than  one  hundred  fossil  species  have  been  dcsanixa^ 
commencing  in  the  Lias,  and  extending  to  the  present  day. 
The  Palasozoic  Modiola  are  probably  referable  to  differenl  gen- 
era. The  Date-shells  {LUhodomus)  form  a  sub-genus  o^Modioia^ 
and  are  distinguished  by  their  habit  of  forming  perforations 
in  rocks,  in  which  they  live.  They  appear  to  date  from  the 
Lower  Oolitic  Rocks,  and  are  known  to  palaeontologists  by 
both  their  shells  and  their  burrows. 

The   genus  Modiohpsis  (fig.    i8i),  includes   a   number  oi 
Silurian  shells,  the  true  place  of  which  is  somewhat  uDCcrtiin. 


Fig.  \%\.~M0di0leftii  mfididarU.     Lower  Silurao. 

The  shell  is  equivalvc,  very  inequilateral,  the  beaks  anterior^ 
and  the  surface  smooth,  or  marked  by  fine  concentric  lines 
growth.     The  shell  is  thin,  and  its  posterior  end  is  consi^ 
ably  broader  than  the  anterior. 

The  genus  Orihonoia  likewise  comprises  a  number  of  Si 
rian  Bivalves,  and  is  also  in  a  somewhat  doubtful  posJl' 

The  shell  (fig.  182)15  elongate 
equivalve,     very    ineqi 
having  the  beaks  pli 
to  its  anterior  end. 
is   thin,    and    its 
parallel. 

FaM.     4.     ARCAD.t.  — Sh< 
etiuivalvc ;     hinge    long, 
many  comb-like  teeth  ;  mus 
lar   impressions    nearly  equalj 
mantle -lobes   separated; 

large,  bent,  and  deeply  grooved.     The  most  important  fo 

genera  of  this  family  are  Arca^  CuodUaa,  Ptchtnculus^  N\ 

Cienodontay  Cyrtodonta^  and  Ltda. 
The  Arks  (Area)  have  a  straight  hinge-line,  with  reni( 

beaks,  separated  from  one  another  by  an  oval  or  \oit 


luiwer  Silurian. 
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shaped  ligamental  area  (fig.  183).     The  teeth  are  numerous 

and  Iransverse,  and  the  surface  is  generaliy  strongly  ribbed. 

Species  of  Area  have  been 

described   from   the   Lower 

Silurian  Rocks  upwards.     It 

is    probable,   however,   tliat 

the   older  Palaeozoic   forms 

referred  here  really  belong 

to   otlier  genera,  especially 

Ctmodonta  and  Cyriodotita. 

In  Cncuiiaa  the  shell  is 
ventricose^  and  ihe  hinge 
teeth  are  few  and  oblique, 
and  at  each  end  of  the  hinge 
become  ijarallel  with  the 
hinge  line.  Species  of  this  genus  have  been  described  from 
the  I^wer  Silurian  upwards. 

The  Pedunatii  ha\e  a  nearly  round  and  equilateral  shell,  the 
beaks  separated  by  a  striated  ligamental  area,  the  hinge-line 
curved,  and  the  liinge-teeth  forming  a  semicircular  row,  Fect- 
uncuius  is  a  comparatively  modern  genus,  and  does  not  seem 
to  have  come  into  existence  before  the  Cretaceous  period. 
Numerous  species  are  known  in  the  Tertiary  Rocks. 

The  Nuaila  (fig.  184)  have  a  trigonal  shell,  the  beaks  of 
which  are  reversed,  and  turned  towards  the  posterior  side  of 
the  shell,   which   is   also   the  shortest  side.     The  hinge  has 


Y\%.  183. — Area  UHti^ua.     I'ctii 


<m^ 


T^g.   \t\.—.\ui:uiahivir^ata.     tjault. 


Vvn.  laj  —CUHMoHtttttrntnuta. 
]»wtfr  Silurian  «i  Interiorof  right 
valve  ;  h  Exterior  of  the  ftamc. 


nunnerous  teeth  on  each  side  of  a  central  internal  cartilage-pit. 
The  Palaeozoic  shells  referred  to  Numia  probably  belong  to 
other  genera.  Many  species,  however,  are  known  from  the 
Secondary  and  Tertiary  Rocks. 

The  genera  CtcfWiionfa  and  Cuculklhi  are  both  nearly  re- 
lated to  one  another  and  to  Nucuia,  and  both  are  exclusively 
Palaeozoic,  and  are  mainly,  if  not  entirely,  Silurian.  The 
Ctetiodonia.  (fig.   185)  are  extremely  like  Nuada^  but  are  dis- 
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tinguishetl  by  having  an  ^.vAr/za/ ligament  The  posterior  side 
of  the  shell  is  generally  the  shortest,  but  the  reverse  is  sotnc- 
titnes  the  case. 

The  shells  of  the  genus  Cyrtodotita  {Palmarca  of  Hall)  are 
very  inequilateral,  the  umbones  being  anterior  (fig.  186).   The 


Fig.  186.— C>'^M/<M>/*(//iM(/i  (iJUtiujfii).     Lwwer  SUuriaa.     a  Donal  view;  ^Sidevit 

hinge-area  is  undefined,   and  the  surface   generally  snootk] 
There  arc  a  few  (three)  anterior  cardinal  teeth,  and  "  two 
three   remote  obh"que  posterior  teeth   parallel  to   the  hi 
margin  "  (Salter).     The  S];ecies   of  Cyriodonia  appear  to 
exclusively  confined  to  the  Silurian  and  Devonian  Rocks. 

In  the  genus  Xc//:/  the  shell  resembles  that  of  A^w«//j,  cs[>«<>j 
ally  in   ha\'ing  numerous  teeth   on   cither  side  of  a  ccnialj 
cartilage-pit.     The  shell,  however,  is  oblong,  rounded  in  Cfoi 
and  pointed  behind.   The  occurrence  of  Leda  in  the  Paliozoi 
period  is  dubious;  but  numerous  species  are  known  from 
Secondary  and  Tertiary  Rocks. 

Fam.  5.  TRiGosiAt»vE. — Shcil  equivalve,  trigonal ;  hin( 
few,  diverging;  umbones  directed  posteriorly.     Mandeopcn; 
foot  long  and  bent.     The  most  imiKjrtant  genera  of  this  fainilj 
are  Tri^onia^  Myophoria^  and  Axhius. 
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In  Trigortia  (fig.  187)  the  sheU  is  trigonal,  with  tubercles, 
radiating  ribs,  or  concentric  ridges.  The  hinge-teeth  are 
two  in  one  valve  and  three  in  the  other,     'i'he  Trigonim  arc 


A 


Fiff.  187. — Trig^nm  scaira.    Chalk. 

essentially  Mesozoic,  being  only  known,  in  the  fossil  con- 
dition, as  extending  from  the  Trias  to  the  Chalk.  They  are 
not  known  with  certainty  to  be  re[iresented  in  the  Tertiary 
Rocks  at  all;  but  the  Australian  seas  have  yielded  some 
living  forms. 

The  shells  of  the  genus  Myophoria  have  the  umbones  direct- 
ed anteriorly,  and  are  in  most  respects  closely  similar  to  Tri- 
gonJa.     They  belong  exclusively  to  the  Triassic  period. 

The  genus  Axintis  (Schhoiius)  is  also  nearly  related  to  Tri- 
gonia,  but  the  shell  is  thinner,  and  is  smooth^  and  the  posterior 
side  is  not  so  distinctly  angular,  hut  is  marked  by  an  oblique 
ridge.  The  shells  of  this  genus  extend  from  the  Upper 
Silurian  to  the  Trias,  but  are  especially  characteristic  of  the 
Permian  Rocks. 

Fam.  6.  Unionmd^. — Shell  usually  equivalye,  with  a  large 
external  ligament  Anterior  hinge-teeth  thick  and  striated ; 
posterior  laminar  or  want- 
ing- Mantle-lobes  united 
between  the  siphonal  ap- 
ertures. Foot  very  large, 
compressed,  byssiferous  in 
the  fry.  .\\\  the  members 
of  the  Unioftidit  are  in- 
habitants of  fresh  water, 
and  they  are,  therefore,  not 
known  as  fossils  except  in 
Buviatile  and  lacustrine  de- 
posits. The  only  two  fossil 
g^eneia  of  the  family  are 
Unto  and  Anodon. 

In  the  genus  Unto  (fig. 
188)  the  shell  is  oval  or  elongated,  somewhat  resembling  that 
of  a  mussel  (hence  the  name  of  River-mussels  commonly 


(Lower  Cretaceous). 
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given  to  the  Unm).  The  species  of  this  genus  appear 
commence  in  the  Lower  Cretaceous  Rocks,  and  they  are 
very  abundant  at  the  present  day.  The  beaks  of  fossil  spea- 
mens  are  often  deeply  eroded,  as  are  those  of  living  forms. 

The  Anodons  or  Swan-mussels  closely  resemble  the  I'm 
but  the  shell  is  edentulous.  The  earliest  fossil  forms  occur 
the  Lower  Tcrtiaries  (Eocene). 


Section  B.  Siphonida. 


Stiihdivision  /.  Integropalliaiia, — Siphons  shorty  pallial 
simple. 

Fam.  7.  Chamid.c, — Shell  inequivalve,  attached.  Hii 
teeth  2"i  (two  in  one  valve  and  one  in  the  other).  Imjina- 
sions  of  the  adductors  large.  Mantle  closed  ;  pedal  aod 
siphonal  orifices  small  and  nearly  equal.  Fool  very  siDilL 
The  most  important  fossil  forms  of  this  family  belong  to  the 
genera  Chama,  Diceras^  and  Rit^uienia. 

In  the  genus  Chama  the  shell  is  attached  usually  by  the 
beak  of  the  left  valve,  but  sometimes  by  that  of  the  right  The 
upper  valve  is  the  smallest,  antl  both  bear  foliaceous  expan- 
sions. The  free  valve  carries  one  tooth  whidi  articulates  whh 
two  teeth  in  the  attached  valve.  The  Chamas  do  not  appear 
as  fossils  till  we  reach  the  Cretaceous  Rocks,  and  they  luu 
continued  to  exist  up  to  the  present  day. 

In  the   remarkable   genus  Dkcras  (fig.    1S9),   the  shell  is 

"sub-equivalve,  attached  by 
either  umbo  J  beaks  very  promi- 
nent^ spiral,  furrowetl  externally 
by  ligamental  grooves ;  hinge 
very  thick,  teeth  2-1,  promi- 
nent ;  muscular  impressions 
bounded  by  long  spiral  ridges, 
sometimes  obsolete "  (AVood- 
ward).  The  species  of  Dmai 
are  exclusively  confined  to  the 
Middle  Oolites.  In  this  for- 
mation in  the  Alps  they  occur 
in  such  abundance  as  to  give 
rise  to  the  name  of  "  Calcaiit 
\  Dicerates,'*  applied  to  beds  of  the  same  age  as  the  ConI 
Rag  of  Britain. 

The  genus  Rcquienia  is  exclusively  confined  to  the  C^^ 
taceous  period,  and  differs  from  Diccras  chiefly  in  having  a 


Fig.  aB^-^Ifkrrns  nrietimu     Middle 
Oolita. 
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very  inequivalve  shell,  always  attached  by  its  left  valve.    The 

attached  valve  is  the  largest^  and  is  spiral^  whilst  the  free  valve 

is  small  and  sub-spiral. 
Fam.  8.  HippURiTiD^  {HudisUs  of  Lamarck). — "Shell  in- 
equivalve, unsymmetrical,  thick,  attached  by  the  right  umbo  ; 
Hpibones  frequently  cameratcd ;  structure  and  sculpturing  of 
^TO  valves  dissimilar;   ligament   internal;   hinge-teeth    1-2  j 

idductor  impressions  two,  large,  those  of  the  left  valve  on 

prominent  apophyses;  pallial  line  simple,  sub-marginal." — 

(Woodward). 
The  Hippuritida  are  not  only  entirely  extinct,  but  are  cx- 

dusively  confined  to  the  Cretaceous  Rocks,  whence  more  than 

E:  hundred  species  have  been  described.  All  the  members 
this  ftunily  were  attached,  and  lived  in  beds  like  oysters. 
e  tvo  valves  of  the  shell  are  always  altogether  unlike  in 
Ipluring,  appearance,  shape,  and  size  ;  and  the  cast  of  the 
interior  of  the  shell  is  often  extremely  different  to  the  form  of 
shell  itself.  About  a  hundred 
ies  of  the  family  are  known, 
of  which  are  Cretaceous,  oc- 
ig  in  Britain,  iiouthem 
the  West  Indies,  North 
ica,  Algeria,  and  Egypt, 
:ics  of  this  family  occur  in 
numbers  in  certain  compact 
'  marbles  in  the  south  of  Kurope, 
of  the  age  of  the  Lower  Chalk, 
J5  to  have  given  origin  to  the 
name  of  **  Hippurite  Limestones" 
applied  to  these  strata. 

The    Hippuriiida^    have    been 
cipecially   studied   by   Dr  S.    P. 

toodward,  who   makes    the  foi- 
ling remarks  upon  their  struc- 
re  and  affinities: — "They   are 
Ibe  most  problematical  of  all  fos- 
there  are   no  recent  shells 
ich  can  be  supposed  to  belong 
the  same  family  ;  and  the  con- 
m  in  which  they  usually  occur 
involved  them  in  greater  ob- 
itjr.      The    characters   which 

:rmine  their  position  amongst  the  ordinary  Bivalves  are 
following : — 
*i.  The  shell  is  composed  of  two  distinct  layers. 


A  large  individiuU,  with  two  stn^ler 
(Hies  attached  lo  it 
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"  a.  They  are  essentially  unsymmetrical  and  righl-and-le(^ 
valvedL 

"  3.  The  sculpturing  of  the  valves  is  dissimilar. 

"  4.  There  is  evidence  of  a  large  internal  ligament 

"  5,  The  hinge*teeth  are  developed  from  the  free  valve, 

"  6.  The  muscular  impressions  are  two  only. 

"  7.  There  is  a  distinct  pallia]  line. 

"  The  outer  layer  of  shell  in  the  Hippurite  and  Radiol 
consists  of  prismatic  cellular  structure ;  the  prisms  are 
dicular  to  the  sheM-lainiiu^,  and  subdivided  often  minutely. 
The  cells  appear  to  have  been  empty,  like  those  of  Oftroi. 
The  inner  layer  which  forms  the  hinge  and  lines  the  umbones, 
is  sub-nacreous,  and  very  rarely  preserved.  ....  The 
inner  shell-layer  is  seldom  compact,  its  laminae  are  extremely 
thin,  and  separated  by  intervals  like  the  water-chambeis  of 

Sporidyhts The  cliicf  peculiarity  of  the  Hiffuri- 

tida  is  the  dissimilarity  in  the  structure  of  the  valves;,  but  even 
this  is  deprived  of  much  significance  by  its  inconstancy.  The 
free  valve  of  Hippurita  is  perforated  by  radiating  canals, 
which  open  round  its  inner  margin,  and  communicate  with  the 
upper  surface  by  numerous  pores^  as  if  to  supply  the  inleriiv 

with   filtered  water In   the    closely   allied  genos 

RadioiiUs  there  is  no  trace  of  such  canals,  nor  in  CaprotituL^ 

The  shell  of  Hippurites  (fig.   190)  is  inversely  conical  of 
cylindrical,  and  sometimes  attains  a  length  of  a  foot  or  more. 


Fif.  igt. — Cts/n'Mit  AguHtonu     i>i«  nght-hand  figure  shows  the  iaterior  ol 
the  left  valve. 

The  shell  is  attached  by  the  larger  conical  valve,  and  is  dos 
by  a  small  depressed  free  valve,  with  a  central   umba    ' 
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^ioiites  the  shell  is  inversely  conical,  bi-conical,  or  cylin- 
aJ,  with  dissimilar  valves.  The  upper  valve  is  sometimes 
sometimes  conical,  and  has  a  central  umbo.     In  Caprina 

191)  the  valves  of  the  shell  are  dissimilar,  the  fixed  valve 
g  conical,  whilst  the  free  valve  is  oblique,  or  is  spirally 
id.  The  free  valve  is  thick,  and  is  "  perforated  by  one  or 
e  rows  of  flattened  canals,  radiating  from  the  umbo,  and 
ling  all  round  the  margin"  (Woodward).  The  cavity  of 
Free  valve  is  sometimes  chambered. 

4M.  9.  TridacniD/E. — Shell  equivalvc  ;  ligament  external ; 
cular  impressions  blended,  sub-central.  Animal  attached 
.  byssus,  or  free.  Mantle-lobes  extensively  united  ;  pedal 
ture  large ;  siphonal  orifices  surrounded  by  a  thickened 
al  border.  Foot  finger-tike  and  byssiferous.  The  shell  is 
cated  in  fronts  the  surface  ribbed,  and  the  margins  toothed. 

family  contains  the  single  genus  Tridacna^  which  is  not 
irn  to  have  come  into  existence  before  the  period  of  the 
cene  Tertiary. 

AM.  10.  CARDiADit. — Shell  cquivalvc,  heart-shaped,  with 
iting  ribs;  cardinal  teeth  2;  lateral  teeth  i-i  in  each 
e.  Mantle  open  in  front ;  siphons  usually  very  short ;  foot 
e  and  sickle-shaped.  The  only  two  genera  of  this  family 
Cardium  and  Cotwairdium. 

\  Cardium  are  comprised  the  true  Cockles,  in  which  the 
I  is  ventricose,  the  beaks  pronounced,  and  placed  nearly  in 
centre  of  the  dorsal  margin  (fig.  192),  the  margins  crenated, 


Fig.  \^i.—CardiHm  ftiilamum.     Upper  GrccusiUid 

the  pallial  line  more  or  less  indented.  It  is  doubtful  it 
true  Cardium  has  been  detected  in  the  Silurian  Rocks. 
1  the  Devonian,  however,  the  genus  begins  to  be  well  re- 
ented,  and  it  has  continued  up  to  the  present  day,  attaining 
laximum  in  existing  seas.  The  species  figured  above  is 
rated  from  the  true  Cockles  by  having  the  posterior  slope 
le  shell  radiately  striated,  whilst  the  sides  are  concentri- 
'  furrowed. 
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The  genus  Conocardium  comprises  a  number  of  Pi 
shells,  in  which  the  anterior  side  is  conical  and  gaping; 
the  iwsterior  margin  is  truncated,  and  there  is  a  longer' 
shorter  siphonal  tube  placed  near  ilie  beaks. 

Fam.  II.  l.uciNiDiE.— Shell  orbicular,  free  ;  cardinal  teclh  i 
or  2;  lateral  teeth  i  -  i,  or  obsolete.  Mantle -lobes  ojicii 
below,  with  one  or  two  siphonal  orifices  behind ;  foot  elon- 
gated, cylindrical,  or  strap-shaped.  The  most  important  fossi! 
genera  of  the  Luchiidtz  are  Lucina  and  Corbis,  Nearly  two 
hundred  species  of  the  former  have  been  described,  commenc- 
ing with  the  Devonian ;  and  about  eighty  species  of  the  forme 
are  known,  commencing  with  the  Lias. 

Fam.  12.  CvcLADrn^. — Shell  sub-orbicular,  closed;  hin^ 
with  cardinal  and  lateral  teeth;  ligament  externaL  Mantle 
open  in  front ;  a  single  siphon,  or  two  more  or  less  unite! 
Foot  large,  tongue-shaped.  The  genera  Cycias  and  Cyrtm 
compose  this  family,  and  both  are  inhabitants  of  fresh  waicr; 
though  the  latter  not  uncommonly  frequents  brackish  waltf, 
and  one  species  of  the  furmer  has  been  described  as  mariii& 
In  tlie  Cyciades  the  shell  is  thin,  and  there  are  two 

teeth  in  one  valve  and 
the  other.       In   Cydas 
the  shell  is  nearly  equibi 
but   in    the   sub-genus 
diuNiy  il  is  inequilateral, 
the  anterior  side  the  li 
In  Cyrata  (tig.  193)  the 
is  thick,  and  there  arc 
hinge  -  teeth   in   each 
Both  Cydas  and  Cyrena  seem  to'  have  come  into  existci 
the  commencement  of  the  Cretaceous  period  (Wcaldcn), 
they  are  abundantly  distributed  through  the  Tertiary  R< 
Fam.   13.  CvpRiNin.t.— ^Shell  cquivalve,  closed;  11 
external ;    cardinal   teeth   1-3   in    each    valve,    and 
posterior  tooth.      Mantle-lobes  united  behind  by  a 
pierced  with  two  siphonal  orifices.     Foot  thick  and  U 
shaped.     Of  the  genera  of  the  Cyprmid^e^  the  more  imj 
fossil  forms  belong  to  Cyprina,  Astarte^  Crassaiella^ . 
Cardifa,  and  the  extinct  Me^aloikm^  Anthracosia^  Hipi  _ 
and  Pachyrisma.    Taken  as  a  whole,  the  Cyprinitia^  have 
their  acme,  and  have  begun  to  decline  in  numbers  and  i" 
portance. 

Cyprina  has  a  large,  strong,  oval  shell,  covered  with  a  < 
epidermis.  Numerous  fossil  species  are  known,  comme 
in  the  Trias. 


Fig.  ISO 
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\siartt   inclu{1es    thir.k,  generally  conccntricaKy- furrowed 
Two  hundred  fossil  species  are  known,  commeucing 
the  Lias. 

C^rassatdia   (fig.    194)   comprises    thick,    solid,   ventricose 
attenuated  posteriorly,  and  generally  having  a  concen- 


)4. — CrassattUn ^ndgrvta.     Eoccna  icf tiary. 


illy-furrowed  surface.     Unlike  the  two  preceding  genera, 
\ssatdh  has  the  ligament  internal.     The  genus  commences 
le  Cretaceous  Rocks,  is  abundant,  in  the  Tertiaries,  and  is 
represented  at  the  present  day. 

I  the  Heart-cockles  {Js&cardia)  the  beaks  are  remote  and 

•spiral^  and  the  shell  is  heart-shaped.     The  Isocardia  do 

appear  to  have  existed  in  the  Paleozoic  period,  but  com- 

;nce  in  the  Trias,  are  tolerably  abundant  in  the  Oolites  and 

retaceous  Rocks,  decline  in  numbers  in  the  Tertiaries,  and 

represented  by  a  few  forms  in  existing  seas. 
Cardita   (fig.    195)   includes    Cockle-shaped    shells,   which 
ive   radiating   ribs,   an    external    ligament,   and    a    toothed 


\  \ 


^ 


Y\%-  195- — Cardita  pl*Hkosta.     Eocene  Tertiary. 

irgin.  The  genus  commences  in  the  Trias,  but  attains  its 
Lximum  in  the  Tertiary  period,  about  a  hundred  species 
iving  been  enumerated  from  rocks  of  this  age. 
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Allied  to  Cardita  \%  the  extinct  genus  Hippop(uUum,  ttil  ^c 
known  by  the  thick  and  solid  H.  poftdcrosum  of  the  Lias.  m 

Pachyrisma  is  another  extinct  genus,  in  which  the  shell  ii  ^ 
also  ver>"  thick  and  ponderous  in  its  structure.  It  has  hrje  jj 
sub-spiral  umbones^  and  is  peculiar  to  the  Great  Oolite. 

Aft^a/odon  is  likewise  extinct,  and  includes  massive  shelK  t: 
with  sub-spiral  beaks  and  an  external  ligament.  The  gaiui  tj 
is  doubtfully  represented  in  the  Silurian  and  Carboniierous  in 
Rocks,  and  is  cliaracteristically  Devonian. 

Lastly  may  be  mentioned   the  shells  which  arc  known  » 
Anthracosiiz,   which   abound    in   parts   of  the   Carbonife^-L 
series.     These  are  nearly  allied  to  the  extinct  genus  Carx 
if  they  do  not  actually  belong  to  it.     They  are  exd 
PaliEozoic,    and    extend    from   the    Upper    Silurian  to 
Carboniferous ;    whereas    Cardinia   is  very  doubtfully 
sented  in  rocks  older  than  the  Lias. 

Sub-division  IT.  Sinupaliialia. — Respiratory  siphons  luge; 
pallial  line  indented. 

Fam.  14.  Venerid/E.^ — Shell  regular,  sub-orbicular  or  ob' 
ligament  external ;  hinge  with  usually  three  diverging  t 
each  valve.     Animal  usually  free  and  locomotive ;  mantle; 
a  rather  large  anterior  opening;  siphons  unequal,  more 
united.     Foot  tongue-shaped,  compressed,  sometimes 
and  byssiferous.     The  Vmcrida  arc  the  most  highly  organisd 
of  the  Bivalves,  and  comprise  some  of  the  most  beautiful 
examples  of  the  class.     They  commence  in  the  Oolitic  Rods, 
are  abundant  in  the  Tertiaries,  and  have  attained  tli  ■ 
mum  at  the  present  day.     All  the  more  important  f- 
belong  to  the  nearly -allied  genera  Venus  and  CytAaea,    Bou 
of  these  commenced  their  existence  in  the  Oolites,  the  fonnff 
being  represented  by  about  one  hundred  and  fifty,  the  latter 
by  nearly  a  hundred  extinct  forms. 

Fam.  15.  MactriP:^. — Shell  equivalve,  trigonal ;  hinge  witfl 
two  diverging  cardinal  teeth,  and  usually  with  anterior  anil  ix»- 
terior  lateral  teeili.  Mantle  more  or  less  open  in  front ;  siphoM 
united,  with  fringed  orifices  ;  foot  compressed.  ITie  onlytiO 
genera  of  any  importance  as  fossils  are  Mactra  and  Lutrar^ 
both  of  which  live  buried  in  sand  or  mud.  llie  Miutrxt  )xkyt 
a  nearly  equilateral  shell,  with  a  short  pallial  .sinus,  ami  itt 
internal  ligament  contained  in  a  triangular  pit.  They  ai>peatto 
have  commenced  in  the  Lias,  and  have  attained  their  maxir 
at  the  present  day.  In  Lutraria  the  shell  is  oblong  and  ga^ 
at  both  ends,  the  pallial  sinus  is  deep,  and  the  internal  ligai 
is  supported  by  a  prominent  cartilage-plate.  The  genus  ii 
known  in  rocks  earlier  than  the  Miocene  Tertiar)*. 
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Fam.  1 6.  TELLiNMD.t. — Shell  free,  usually  equivalve  and 
closed;  cardinal  teeth  two  at  most,  laterals  i-i,  sometimes 
"Wanting.  Ligament  on  the  shortest  side  of  the  shell,  some- 
times internal.  Mantle  widely  open  in  front.  Siphons  long 
atid  slender ;  foot  tongue-shaped,  compressed.  Pallial  sinus 
Vcr>'  large.  The  chief  fossil  genera  are  7r///«a,  Psammobia^ 
*md  Donax,  In  TcUina  the  shell  is  very  slightly  inequivalve 
(6g.  196)  with  a  prominent  external  ligament.  More  tlian 
*•-  hundred  fossil  species 
^^t  known,  dating  from 
*lic  Oolitic  period  ;  but 
^«ie  genus  has  attained  its 
**3aximum  at  the  present 
^ay.  In  Psammobia  the 
^licll  is  oblong,  compres- 
^«d.  and  slightly  gaping  at 
^^th  ends ;  whilst  in  Donax 
^lic  shell  is  wedge-shaped,  the  front  rounded  and  produced, 
^he  posterior  side  short.  Both  genera  commence  in  the 
^)ocene  Tertiary,  and  are  represented  by  numerous  species  at 
^he  present  day. 

Fam.  17.  SoLENiD^.— Shell  elongated,  gaping  at  both 
^tid?  ;  ligament  external ;  hinge-teeth  usually  2-3.  Siphons 
^ort  and  united  (in   the  long-shelied  genera),  or  longer  and 


Fig.  196.— 7V//iW«i/n».r/»M.  righ:  valve 
Post- I'liuc  cue. 


\9l,—Mya  trummtn^  fm-PliuCCiifl  Fig.   198.  — Pcriion   of  ihc  hinee  of 

ukI  Reccnu  Mya  nrrrmrim,  khawiiig  the  caiuu^e- 

tly  separate  (in  the  genera  with  shorter  shells).  Foot 
Wry  large  and  powerful.  Gills  prolonged  into  the  bran- 
chial siphon.  This  family  is  of  small  geological  importance. 
The  Razor-shells  (Stf/t/i)  are  represented  by  a  few  Tertiary 
forms,  commencing  in  the  Eocene  ;  and  the  genera  Cu/- 
*  Via  and  So/€£urtus  commence  their  existence  in  the  Creta- 
.■0U5  Rocks. 

Fam.    18.  Myacid^. — Shell   gaping  posteriorly.       Mantle 
jost  entirely  closed ;  siphons  united,  partly  or  wholly  retrac- 
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tile.     Foot  very  small.     The  more  important  genera  ol 
family  are  Mya,  Corbula^  llictis^  Panopaa^  and  Saxuavii. 

In  the  Capers  {Afya\  the  shell  is  oblong,  inequivalvc,  am) 
gaping  at  both  ends.  The  left  valve  is  the  smallest,  and 
it  carries  an  internal  ligament  supported  upon  a  prominent 
cartilage-process  (fig.  19S).  The  Myas  live  buried  verti- 
cally in  sand  or  mud.  They  are  not  known  to  have  cxisto] 
before  the  period  of  the  Middle  Tertiary'  (Nfiocenc),  lod  " 
almost  all  the  fossil  species  are  in  existence  at  the  pretcnt  J 
day.  I 

In    Corhuia  the  shell   is   inequivalve,   the   left  valve  the  I 
smallest,  and  with  a  prominent  cartilage-process  ;  but  the  shell 
is  gibbous,  and  docs  not  gape  at  its  ends,  whilst  the  paltiil 
sinus  IS  small.     Numerous  fossil  species  are  known,  commenc- 
ing in  the  Lower  Oolites, 

The  genus  Thdis  is  a  small  one,  including  thin,  translucent, 

sub-orbicular  shells,  with  an  ci* 
tcmal  ligament.  A  few  s^icds 
of  the  genus  are  known,  conj. 
mencing  with  the  Lower 
taceous  Rocks. 

Patiopaa   resembles  My4\ 
haxnng    a    thick    oblong  si 
gaping  at   each   end ;   but 
shell  is  equivalve,  and  the 
menl  is  external.     Very  numerous  fossil  species  of  this 
are  known,  commencing  in  the  Lower  Oolites. 

SiKxicava^  as  its  name  impli 
includes   shells   which   form 
rows  in  rocks.     The   adult 
(fig.     199)    is    edentulous,  1 
valve,  and  oblong,  gaping  at 
ends,  and  furnished  wiili  an 
ternal  ligament.     The  genus 
to    commence     in     the 
Tertiary,    and   has   continued 
the  present  day. 

KaM.     19,   AMATINIDi*.  — ! 
often  inequivalve,  with  an 
ligament.     ALintle-lobes  more 
less  united.     Siphons  long, 
or  less  united.     P'oot  small.    Tl 
Fi«.    aw  —AHotiHa  t^itufatn.     more    abundant    and     imnor 

Kun»cndsc  Clay  (Upper  Oolit«>      j-^^^jj    ^^^^^^    ^^    ^,^^    ^^,^ 

Afiatina^  Pholadomya^  and  Myadtes, 


Rg.     191^  — .S,ij:uaTa    rugout,    left 
valve   PoMi-PUoceDC  and  Kecent* 
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Fig.  aai.—FfioUuitfmya  ttautvuivii. 
Chalk. 


n  the  Lantem-shells  {Anafina)  the  shell  is  oblong,  gaping 

teriorty,  and  having  the  beaks  directed  towards  the  posterior 

5   (fig,   200).     The  hinj^e  of  each  valve  carries  a  spoon- 

ped  cartilage-process.   The 

atina  are  doubtfully  repre- 

led  in  the  Devonian,  and 

1    more    dubiously    in  the 

irian  Rocks.     They  occur, 

rcver,   abundantly  in   the 

:ondary    Rocks,    and    are 

tsent  in  smaller  numbers  in 

•  Tertiaries. 

The  genus  Pholadojiiya  in- 
idcs  a  large  number  of  shells,  which  are  equivalve,  ob- 
ig,  and  gaping  posteriorly  (tig.  201).  The  shell  is  thin, 
Dtricose,  and  adorned  with  radiating  ribs  on  the  sides. 
ic  ligament  is  external,  and  there  is  a  large  palliul  sinus. 
W species  of  Pholadoviya  are  I'cry  numerous  in  the  Secondary 
Dcks,  where  they  attain  their  maximum.  They  are  much 
duced  in  number  in  the  Tertiaries,  and  are  barely  rcpre- 
mied  at  the  present  day. 

The  genus  Myacites  has  a  gaping  ventricose  shell,  with  the 
abones  directed  anteriorly,  and  the  ligament  external.  •  They 

*  known  in  the  Palieozoic  period^  commencing  in  the  Silu- 
an ;  and  they  are  represented  in  the  earlier  portion  of  the 
scondary  period ;  but  they  seem  to  have  died  out  in  the 
halk. 

Fam.  20.  GASTROCHi€Nir)<€, — Shell  equivalvc,  gaping,  with 
in  edentulous  valves,  sometimes  cemented  to  a  calcareous 
be  Mantle-margins  thick  in  front,  united,  with  a  small 
dal  aperture.  Siphons  very  long,  united.  Foot  finger- 
*ped.  The  members  of  tlie  Gastroch(tnid<t  burrow  in  mud 
Stone,  and  the  only  two  fossil  genera  are  Gastrochcena  and 
"^J^dla^  the  existence  of  Aspa-gilittm  in  a  fossil  slate  being 
ablful. 

•ft  Gasirochana  the  shell  is  wedge-shaped,  gaping  in  front 
'  closed  behind.  The  fossil  species  commence  in  the  In- 
Of  OoHte,  and  the  genus  is  represented  at  the  [)resent  day. 
^Awagella  (fig.  202)  the  shell  is  oblong,  one  of  the  valves 
^g  free,  whilst  the  other  fonns  part  of  a  more  or  less  elon- 
'^  calcareous  tube,  which  is  often  divided  by  a  longitudinal 
*ttion  and  tenninates  in  tubular  openings.  The  fossil 
^agfJia  commence  in  the  Upper  (Jreensand,  and  the  genus 
^presented  by  several  living  species. 
^Am.   21.  PholadidjE. — Shell  gaping  at  both  ends,  without 
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hinge  or  ligament,  often  with  accessory  valves.     Animal     

^-_—  ^-^  shaped  or  worm-like,  with  s 

■  I  1  short  tnincaicd  fool.    Mantle 

■  1  \  closed  in  front ;  stphoni>  Ion;:, 
Bfi^                /     /-\  united  to  near  their  extrcmi- 

^^^H^  f      \l  \^a1  ^"   ^^^   genus   P^/as  the 

^^^^R\J^  /    /  I   V\\v|l  shell   is   cylindrical  or  ovtl, 

^^^^BH  r^c/  Will  ill  ^^^  valves  ore  edentulouN  and 

^^^^^I^V  ly-^^i/llJ  ^^^^*^  i^  ^^  ligament  or  a  nidi- 

^^^^^^^m  y     ^\cW  ufientary   one.      The    piUbl 

^^^^^^K  V        ^r  si^iis   i^  ^^ry  deep,  and  the 

^^^^^H&           \    J  dorsal  margin  of  the  shell  i> 

Fig.  ^^iava^riia  crrt^a.     Uvallu  prOtCClcd  by  aCCCSSOr)'  Vjlva 

The  PhohtiUs  mhabil  burrows 
which  they  form  for  themselves  in  clay,  peat,  or  rock.    Maaj 
fossil   species  of  the  genus  are  known,  commencing  in 
Jurassic  Rocks. 

In  the  genus  Teredo  the  shell  is  "globular,  open  in 
and  behind,  lodged  at  the  inner  extremity  of  a  burrow 
or  entirely  lined  by  shell ;   valves  three-lobed,  concentrii 
striated,  and  with  one  transverse  furrow ;   hinge-margins 
fleeted  in  front,  marked  by  the  anterior  muscular  impressioi 
umbonal  cavity  with  alongcur\'ed  muscular  process.*'— {W< 
ward.)     Species  of  Teraio  occasionally  reach  a  very  large  aj 
and  they  are  known  in  the  fossil  state  both  by  their  shells 
by  their  burrows  in  wood.     The  genus   seems  to  have 
menced  iii  the   Lias,  and  is  well  represented  at  the  pi 
dav. 
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The  Gasteropods  are  AioUuscs  in  which  the  body  is  fut 
with  a  disfitid  /wad^  and  the  mouth  is  prot^ided  with  a  Wii 
tory  apparatus  or  ^^ /ingitai  ribbon"  Locomotion  is  effected 
means  of  a  broad,  horizontally-flattened^  ventral  disc — the  "fii 
— or  by  a  vertically-flatte>ied,  fin-like  modification  of  the  m 
The  body  is  never  included  in  a  bivalve  shell ;  and  may  be  nai 
Usually,  hoToez'er,  there  is  a  "  univalve"  shelly  or  in  some 
"  multivalvc  "  shell. 
This  class  includes  all  those  Molluscous  animals  which 


commonly  known  as  "  Univalves,"  such  as  Land-snails,  Sea- 
snails,  Whelks,  Limpets^  &c.  In  the  Chitons,  however,  the 
shell  is  composed  of  eight  pieces  ("muUivalvc") ;  and  in  the 
Slugs,  the  shell  is  minute  and  is  completely  concealed  in  the 
mantle  ;  whilst  in  the  Sea-slugs  and  Sca-lcmons  the  animal  is 
"naked."  and  is  destitute  of  a  shell. 

In  their  hnbits  the  Gasteropods  show  great  differences, 
most  of  them  being  free  and  locomotive,  though  some  are 
sedentary.  The  typical  forms  move  about  more  or  less 
actively  by  the  successive  contractions  and  expansions  of  a 
muscular  organ  developed  upon  the  ventral  surface  of  the  body 
and  known  as  the  '*  foot."  In  many  cases  the  posterior  por- 
tion of  the  foot  secretes  a  calcareous,  homyj  or  librous  plate, 


Fig.  903. -'A m/m/lAria  coMniitnlatn,  one  of  the  Ajiplc-kliellk.     «  Operculum  ; 
i  Respiratory  upluin. 


which  is  called  the  "  operculum  "  (fig.  203,  0),  and  which  serves 
to  close  the  aperture  of  the  shell  when  the  animal  is  retracted 
within  it  Lastly,  in  one  aberrant  group  of  the  Ciastcroi>c)ds 
{Ifeteropodd)  the  animal  is  tittcd  for  swimming  in  the  open 
ocean,  by  the  conversion  of  the  "  foot "  into  a  vertically- 
flattened  fin. 

The  respiratory  process  in  the  Gasteropods  differs  consider- 
ably in  different  cases ;  and  the  class  may  be  divided  into  two 
principal  sections,  according  as  the  animal  is  fitted  for  breath- 
ing air  directly  or  through  the  medium  of  water.  The  air- 
breathing  Gasteropods  are  known  as  the  rulmonaia  or  Put- 
monifera^  and  comprise  forms  which  either  live  on  land  (Snails, 
Slugs,  &c.),  or  which  inhabit  fresh  water  (Pond-snails,  &c.) 
The  water-breathing  Gasteropods  are  mostly  provided  with 
distinct  gills  or  **  branchire,"  and  they  form  the  section  of  the 
Branchifera.  They  are  mostly  inhabitants  of  the  sea ;  but 
some  of  them  inhabit  fresh  water. 
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Shell  of  tlu  GasleropoJa.—Th^  shell  of  the  Gaster- 
composed  either  of  a  single  piece  (univalve),  or  of  a 
of  plates  succeeding  one  another  from  before  backwards  (i 
tivalve).  The  univalve  shell  is  to  be  regarded  as  essentially  i 
cone,  the  apex  of  which  is  more  or  less  oblique.  In  the 
simplest  form  of  the  shell  the  conical  shape  is  retained  without 
any  alteration,  as  is  seen  in  the  common  Limpet  {Pttirlla).  Jn 
the  great  majority  of  cases,  however,  the  cone  is  considerably 
elongated,  so  as  to  form  a  tube,  which  may  retain  this  shipc 
(as  in  Dfntalium\  but  is  usually  coiled  up  into  a  spiral.  The 
"  spiral  univalve  *'  (fig.  205)  may,  in  fact,  be  looked  upon  ai  the 
tyi^ical  form  of  the  shell  in  the  Gasteropoda,  In  some  cases 
the  coils  of  the  shell — termed  technically  the  **  whorls  "—are 
hardly  in  contact  with  one  another  (as  in  Vcmtetus).  More 
commonly  the  whorls  are  in  contict,  and  are  so  anialgamaicd 
that  the  inner  side  of  each  convolution  is  formed  by  the  pre- 
existing whorl.  In  some  cases  the  whorls  of  the  shell  are 
coiled  round  a  central  axis  in  Ihe  same  planer  when  the  shell 
is  said  to  be  *'  discoidal ''  (as  in  the  common  fresh-water  shell 
Planof'bis),  In  most  cases,  however,  the  whorls  are  wound 
round  an  axis  in  an  oblique  manner,  a  true  spiral  being  forraeii, 
and  the  shell  becoming  ''turretcd/*  **  trochoid,"  "  turbinated," 
&c.     This  last  form  (fig.  204)  is  the  one  which  may  be  looked 


TJr.  vm,. — Cnasis  camcrllnttt,  a  Spiral  Oastempod.  \a  "  Sprre.*"  pbcctl  at  the  | 
cud  of  iSc  fchcll  ;  b  "  Muuih,"  placed  «t  the  anicriar  end  of  the  »nell  ;  c  Inoer  Di 
mcllar  lip  ;  if  Omer  lip;  t  Nctch  for  the  pasAagc  of  a  rcs>pir;itory  siphon. 

Upon  as  most  characteristic  of  the  Gasteropods,  the  shell  beiog 
composed  of  a  number  of  whorls  passing  obli(|uely  round  a 
central  axis  or  ''  columella,"  having  the  embryonic  shdi  or 
"nucleus"  at  its  apex,  and  having  the  mouth  or  *' aperture" 
of  the  shell  place<I  at  the  extremity  of  the  last  and  largcil 
the  whorls,  termed  the  "  body-whorl."  The  lines  or 
formed  by  the  junction  of  the  whorls  a^.^fn?*^  the  "  sutBres^l 
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id  the  whorls  above  the  body-whorl  constitute  the  "spire" 

the  shell.     The  axis  of  the  shell  (columella)  round  which 

whorls  are  coiled  is  usually  solid,  when  the  shell  is  said  to 

"imperforate;"  hut  it  is  sometimes  hollow,  when  the  shell  is 

lid  to  be  **  perforated,"  and  the  aperture  of  the  axis  near  the 

louth  of  the  shell  is  called  the  *'  umbilicus."     The  margin  of 

** aperture"  of  the  shell  is  termed  the  "peristome,"  and  is 

imposed  of  an  outer  and  inner  lip  (fig,  204),  of  which  the 

imier  is  often  expanded  or  fringed  with  spines.     When  these 

.pansions  or  fringes  are  peritidically  formed,  the  place  of  the 

lOuth  of  the  shell  at  difterent  stages  of  its  growth  is  marked 

ridges  or  rows  of  spines,  which  cross  the  whorls,  and  are 

tiled  "varices."     The  animal  withdraws  into  its  shell  by  a 

itractor  muscle,  which  passes  into  the  foot,  or  is  attached  to 

le  operculum  ;  its  scar  or  impression  being  placed,   in  the 

»iral  univalves,  upon  the  columella. 


GrvfHiamakit,  a  Ho* 
lafttomatout  Univalve. 
PouPlivceoc 


Ti%.  «i6. — ^'tiiHS  tffrnatHS,  a  Si- 

?hnnostomatoUB    Univalve.       Post- 
Uoccnc 


In  the  multivalve  Gasteropods,  the  shell  is  composed  of 
ight  transverse  imbricated  plates,  which  succeed  one  another 
'om  before  backwards,  and  are  embedded  in  the  leathery  or 
trous  border  of  the  mantle,  which  may  be  plain,  or  may  be 
Ibcset  with  bristles,  spines,  or  scales. 

In  the  marine  Univalves  two  important  variations  exist  in 
^thc  form  of  tlie  mouth  of  the  shell,     lu  one  group  (Gg.  305) 


J 
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the  mouth  of  the  shell  is  unbroken  or  "  entire,"  not  having 
any  notch  or  indentation  of  its  margin.     The  shells  in  which 
the  mouth  has  this  form  are  termed  **  holoslomatous ;  **  and 
for  the  most  part  they  belong  to  Gasteropods  which  are  plivto- 
phagous,  or  live  upon  vegetable  food.     The  possession,  hor- 
cvcr»  of  a  holostomatoiis  shell  in  reality  simply  proves  thai  the 
animal  had  no  respiratory  "siphons,"  or  tul>es  formed  In* the 
folding  of  the  mantle.     In  a  second  group  the  aperture  of  the 
shell  (fig.  206)  is  notched  in  front ;  and  the  shell  is  said  to  bf 
"  siphonostomatons."      There  may  be  a   posterior  notch  u 
well  as  the  anterior  one,  and  one  or  both  of  these  notches  nuy 
be  produced  into  longer  or  shorter  canals.     The  Siphonosto- 
matous  Univalves  are  mainly  carnivorous  in  their  habits:  b«t 
tlie  notched  mouth  does  not  necessarily  indicate  the  nanireof 
the  food.     The  possession  of  a  Siphonostomatous  shell,  on  the 
contrary,  merely  indicates  that  the  animal  possessed  tubular 
inflections  of  the  mantle,  or  "  respirator)'  siphons/'  by  which 
the  water  is  conveyed  to  and  from  the  gills. 

Divisions  of  the  Gasteropoda, — The  following  table  shows 
the  chief  divisions  of  the  Gasteropoda : — 


Table  of  the  Gasteropoda. 

Section  A.  Rranchifera. — Respiration  aquatic,  by  the  walls  of  the 
mantlc-cflvity  or  by  gills. 

Order  I.  Pkosobranchuta. — ^The  bnmchiie  situated  (/nwni) 
in  advance  of  the  heart. 

Dii-isi<m  a.  Siphottcstomata.  —  Margin  0/  the  sktU-aftftm 
notched  or  produced  into  a  eanal.  This  division  compnsci  the 
families  of  the  Strombidte  (Wing-shells),  Murieida,  Huinnih 
(Whelks),  Conida  (Cones),  VolHiida  (Volutes),  and  CyfrgiU 
(Cowries). 

Division  b.  Hoiosiomata. — Afargin  of  the  shelUaperiure  **«• 
//re,"  rarely  notched  or  produced  into  a  catud.  This  dirwuB 
includes  the  families  of  the  Nnticidtr^  PyramideHid^  Cen:ki9da, 
MelaniadiF^  Turrilcffida-,  Littorinidir  (IV'ri winkles),  PalkdituU 
(River-snails),  Nentida.  Turbinidd:  (Top-shcJIs).  Hahdkda,  Fu 
sureiiidi^  (Keyhole-limpets),  Calyptra-idtr  ( Uonnct-lim[>el^) 
lidii  (Limpcls),  Detitalidit  (Tooth-shell!;),  and  Chitamd^. 
Order  H.  Opisthobranchiata. — lirandiiau  placed  loward* 
rear  {ppistheit)  of  the  body. 

Dri'ision  a.    Tectihranchiaia. — Branckia  cat'ered  by  the  MS^ 
mautle.     A  shell  in  most.    Sexes  united.    The  division  include  ' 
families  of  the   Toruairllidic^  Bullide  (Bubble-shells),  Aflyi 
(Sea-hares),  P/eurohraHchiadtr^  and  Phyllidiadtr. 

Diz'isicn  b.  Nudibranchiata.  — Animal  destitttie  of  a  shell « tk 
adult  condition.     Branchi*e  external^  on  the  back  or  sides  of  til 
d&dy.      This  division   includes  the  various   naked  Gas! 
commonly  known  as  Sea-lemons  and  Sea-slugs. 
Ordkr  hi.  Nuclfobranchiata,  or  IIeteropoda. — Shell] 
seat  or  absent     Animal  free-swimming  and  oceanic,  with  a  fin-. 


•,  Fu- 
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or  flattened  ventral  fin.     This  order  includes  the  two  families  of 
FiroitdiC  and  AttantidiC. 

Section  I).  Pulmonifkra. — Respiration  aerial,  by  means  of  a  pul> 
monary  chamber. 

Order  IV.  Inoperculata. — Shell  not  provided  with  an  oper- 
culum. This  order  comprises  the  families  of  the  I/cIUidur  {Land- 
IsnaiU),  Limaddig  [Slugs],  Omldiada,  Limnarida  (Fond-snails),  and 
AuriiHhdtr. 
Oruek  V.  Operculata. — Shell  provided  with  an  operculuin.  In 
this  order  are  the  families  CycJostomida  and  AcicuHda. 
Disiribution  of  the  Gasteropoda  in  time. — As  regards  the 
general  distribution  of  the  Gasteropods  in  past  lime,  all  the 
families  of  the  Prosobranchiata  are  known  by  fossil  representa- 
tives. Of  the  Opisthobramhiata  the  Tectibranchiate  section 
is  tolerably  well  represented  in  past  time  \  but  the  section  of 
the  Nudibranchiata^  from  the  total  absence  of  the  shell,  is  not 
kno\\'n  at  all  in  the  fossil  condition.  Both  families  of  the 
Jfettropoda  are  represented  by  fossil  forms.  The  Pulmonate 
Gasteropods,  from  the  fact  that  they  either  live  on  land  or 
inhabit  fresh  water,  are  necessarily  not  so  fully  represented  in 
past  time  as  are  the  Branchiate  Gasteropods.  Still,  nearly 
all  the  families  of  the  air-breathing  Univalves  have  fossil 
representatives. 

Taken  as  a  whole,  the  Gasteropoda  are  represented  in  past 
time  from  the  Upper  Cambrian  Rocks  upwards.  Of  the 
£ranchifera^  the  Hoiostomata  are  more  abundant  in  the  PalLEO- 
2oic  period  ;  and  the  Siphonostomaia  predominate  more  in  the 
Secondary  and  Tertiary  periods,  attaining  their  maximum  at 
the  present  day.  The  place  of  the  carnivorous  Siph&twstomata 
in  the  Paleozoic  seas  appears  to  have  been  filled  by  the 
Tetrabranchiate  Cephalopods.  The  Branchiate  Gasteropods 
of  fresh  water  are  chiefly  represented  as  fossils  by  Uie  genera 
Pa/udina,  I'abifata^  and  Ampui/aria. 

The  Heteropoda  are  likewise  of  very  ancient  origin,  having 
commenced  their  existence  in  the  Upper  Cambrian  deposits. 
The  genera  BeUerop?ton^  Porcellia^  Cyrtoiitcs^  and  Madurea, 
are  exclusively  Palaeozoic;  BeiUrophiua  is  found  in  the 
Gaiilt  (Secondary),  and  Carinaria  has  been  detected  in  the 
Tertiaries. 

The  Pulmonate  Gasteropoda^  as  was  to  be  anticipated,  are 
not  found  abundantly  as  fossils,  occurring  chiefly  in  lacustrine 
and  estuarine  deposits,  in  which  the  genera  Limnaa,  Physa^ 
Ancytus^  &c,  are  amongst  those  most  commonly  represented. 
These,  however,  are  entirely  Mesozoic  and  Kainozoic.  In 
Jbe  Palxozoic  period  the  sole  known  representatives  of  the 
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Pulnwnifera  are  the  Pupa  vHusia  and  Ztmiies  prisau  of 

Carboniferous  Rocks, 

In  the  following*  are  given  the  characters  of  those  famDw 
of  the  Gasteropoda  which  occur  in  the  fossil  slate,  with  the 
leading  genera  of  each  family  and  their  range  in  time. 

Section  A.  Branchifera. — Respiration  aquatic,  geneiall; 
by  gills. 

Order  I.  Prosobranchiata. — Gills  situated  in  advance^j 
the  heart. 

Division  a.  Siphmostomaia, — Mouth  of  the  shdl  notched,  or 
produced  into  a  canal. 

Fam.  I.  SxROMmn-t:. — Shell  with  an  expanded  lip,  deeply 
notched  near  the  canal.  Operculum  claw-shaped.  Foot  nar- 
row, adapted  for  leaping.  All  the  existing  genera  of  the 
Strombidce  are  represented  in  the  fossil  state,  but  the  family 
does  not  seem  to  have  come  into  existence  before  the  Juraisic 
period,  and  it  attained  its  maximum  in  the  Tertiary  period. 


Fig.  307.— /*/rrKvnu  octant    Neoconian. 


The  genus  Strombus  has  a  shell  with  a  short  spire,  a  Ic 
aperture,  and  an  expanded  outer  lip,  there  being  a  posterior; 
well  as  an  anterior  notch.     The  Strombs  are  represented  1 

•  In  the  chnmctcrs  of  the  families  of  the  Gasteropoda^  u  in  those  of  I 
LamdlU>ranchiaia^  Woodward's  '  Manual  of  the  MoMosca '  has  been  1 
followed. 
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>us  and  Tertiary  Rocks;   but  they  attain  their 
existing  seas. 

lion-shells  form  the  genus  Pttroceras  (fig.  207),  in 
lell  of  the  adult  has  its  outer  lip  furnished  with 
)ne  of  which  forms  a  posterior  canal  close  to  the 
"f  fossil  species  are  known,  commencing  in  the 

nus  Rosieliaria,  the  spire  is  long,  and  has  the 
jal  running  up  it  Many  fossil  species  are  known, 
in  the  Cretaceous  Rocks.  The  outer  lip  is 
nded,  and  in  some  forms  is  enormously  so. 
genus  Seraphs  comprises  smooth  shells,  with  a 
oiete  spire,  a  thin  outer  lip^  and  a  long  narrow 
I  fossil  species  date  from  the  Eocene  Tertiary. 
rflTRiciD.-tc — Shell  with  a  straight  anterior  canal, 
entire  posteriorly.  Foot  broad.  The  Muricidtc 
\y  characteristic  of  the  Tertiary  and  Recent 
ley  commence,  however,  in  tlie  Jurassic  Rocks,  in 
ul  examples,  and  they  are  certainly  represented 
eous  Rocks  by  not  a  few  forms, 
us  Murcx  the  canal  is  often  very  long,  and  may 
dosed;  the  shell  is  omamenied  with  longitudinal 
'S  of  spines  {varices),  and  the  aperture  is  rounded, 
Kirly-related  Typhis  (fig.  208)  there  are  tubular 
en  the  varices,  and  the  last  of  these  lodges  the 
phon.  Both 
Typhis  corn- 
Eocene  Ter- 
ave  attained 
m  in  existing 

)mmences  to 
ted     in     the 

0  the  genera 
t?w,  and  Can- 
xciolaria  and 
mence    their 

1  the  Cre- 
cs  ;  and  Turhimlia  and  Trichoiropis  do  not  make 
ince  till  the  Miocene.  Lastly,  the  great  genus 
guished  by  the  spindle-shaped,  many-whorled 
ng  straight  canal  (fig.  209),  appears  to  have  its 
ml  in  the  Oolites.  Fust  become  verj'  numerous 
close  of  the  Cretaceous   period,   and   they  are 

in  the  Tertiaries.     One  of  the  common  fossils 


Fig.  nxA.—fjfhitiniifrr.    Kocene  Tcrdaiy. 


J 
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of  the  Red  Crag  (Newer  Pliocene)  is  the  reversed  shell, 
Fustts  contrarius^  which  is  now  known  to  exist  in  the  living 
stale  as  well. 


Fig.  aoQ. — Fhsms  NeeomUnsU. 
Lower  Grettuaod. 


Fig*  sto. — Bttccimum  mmdaium  (ma) 
POftt-PUoCCDC  lUld  RCCCOL 


Fam.  3.  BuccmiD/E. — Shell  notched  anteriorly,  or  with  4? 
canal  reflected,  producing  a  kind  of  varix  on  ihe  front  of  tbc^ 
shelK     With  the  exception  of  the  extinct  genus  Purpurina^ 
the  Lower  Oolites,  and  some  species  of  Bvccinum  in  the 
taccous  Rocks,  the  family  of  the  BucdmdiZ  is  exclusively  1 
fined  to  the  Tertiary  and  Recent  periods.     The  two 
families,  therefore,  of  the  Muricidct  and  Buccinida  are 
tially  characteristic  of  the  later  periods  of  the  earth's  hist 
The  most  important  fossil  genera  of  the  Buccinidit  are 
cinuin^  Tercbra^  Nnssa^  Purpura^  Ciusis,  and  Oliva, 

The   Whelks   form   the    genus   Buccinum    (fig.    210), 
tinguished  by  the  ventricose  body-whorl,  large  aperture, 
short    reflected   canal.     Some   few   species  of  Bucctnum 
found   in   the   Upper   Cretaceous   Rocks;  but  the  genus 
essentially  Tertiary  and  Recent. 

Tcrcbra  comprises  the  Auger-shells,  distinguished  from 
Whelks  by  their  long,  pointed  shells,  consisting  of  many  wb( 
and  having  a  small  mouth.  They  commence  in  the  Eocc 
Tertiar)*.  The  Dog-whelks  {Nassa)  also  commence  in 
Eocene,  and  are  distinguished  from  the  Whelks  chiefly 
having  the  columellar  Up  expanded  and  callous,  with  a  t( 
near  the  anterior  canal.     Tlie  shells  of  the  genus  Purj 
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rt  spire  and  wide  aperture,  with  an  expanded  and 
mer  lip.  They  commence  in  the  Miocene  Tertiary, 
el-shells  [Cassis)  begin  in  the  Eocene,  and  are  dis- 
by  their  short  spire»  large  body-whorl,  long  aperture, 
anal,  and  expanded  inner  lip.  Lastly,  the  Olives 
d  Rice-shelKs  (Olivella)  are  characterised  by  their 
polished  shell,  with  a  short  spire,  a  long  narrow 
lotched  in  front,  and  obliquely-striated  columella, 
;  Olives  are  tropical  and  sub-tropical  in  their  dis- 
ind    the  fossil  species   commence  in  the    Eocene 


ConidjE. — ^Shell  inversely  conical,  with  a  long  nar- 

re,  the  outer  lip  notched  at  or  near  the  suture.   The 

mmence  in  the  Cretaceous  Rocks,  abound  in  the 

and  attain  their  maximum  at  Uie  [jresent  day. 

;  Cones  form  the  genus  C&ftus,  and  are  distinguished 

ort  spire  and  regularly  conical 

hich  the  outer  lip  is  notched 

uture.     The  Cones  are  repre- 

he  Chalk,  but  are  mainly  Ter- 

Lecent.    The  genus  Platrotoma 

shed  by  a  spindle-shaped  shell, 

g  spire,  the  outer  lip  having 

near  the  suture.  The  genus 
s  in  the  Chalk,  and  has  an 
development  in  the  Tertiaries, 
I  nearly  three  hundred  species 
,  The  maximum,  however,  is 
I  existing  seas,  in  which  there 
iraerous  species. 
VoLUTiD.4:. — Shell  turreted  or 
the  aperture  notched  in  front  j 
ella  obliquely  plaited.  No 
Foot  very  large  ;  mantle 
ted  over  the  shell.  The  living 
)f  the  Voiutida  are  chiefly  in- 
)f  warm  seas,  and   are   often 

for  their  brilliant  colours. 
'  does  not  appear  to  have  ex- 
wards  the  later  portion  of  the 

period;  but  it  is  abundantly 
I  in  the  Tertiaries,  and  attains 
m  in  existing  seas.    The  most 
genera  are  Voluia  and  Mitra. 
:  Volutes  form  the  genus  Voluia  (fig.  211),  charac- 
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Fig.  7M. — Cj-Artrn  cU^itHJ 
Eocene  Tertiary. 


tensed  by  the  short  spire,  large,  deeply-notched  aperture,  and 
columella  with  several  plaits.  Species  of  f^/w/j  occur  in  the 
Cretaceous  period^  but  the  genus  is  mainly  Tertiary  and  Recent 
In  the  genus  Mitra  the  shell  is  5pindl^ 
shaped,  with  a  long  spire,  and 
mouth.  The  Mitra  commence  in 
Cretaceous  period,  but  the  fossil  s] 
are  mainly  distributed  through  the 
liar)'  formations. 

Kam.  6.  CvPRi*iiDvE.  —  Shell  cow 
lute,  enamelled;  spire  concealed;  3] 
ture  narrow,  channelled  at  each  > 
Outer  lip  thin  in  the  young  shell, 
thickened  and  inflected  in  the  i< 
Foot  broad  ;  mantle  fonning  lobes  wl 
meet  over  the  back  of  llie  shell 
only  important  genus  of  this  family  is 
that  of  CyprcEa  (fig.  312),  comprising  the  numerous  and  «e'J- 
known  living  shells  which  are  commonly  called  Cowries.  The 
Cypnea  are  mainly,  but  not  exclusively,  inhabitants  of  wirn 
seas,  and  they  attain  their  highest  development  between  Ac 
tropics.  The  fossil  species  date  from  the  Cretaceous  period, 
and  abound  in  the  Tertiaries. 

The  shell  of  the  Cowries  in  the  young  stale  is  fumishfli 
with  a  prominent  spire,  and  has  a  thin  outer  lip.  In  tbt 
adult  state  (fig.  212)  the  spire  is  completely  concealed  w;nffl 
the  shell,  the  entire  surface  is  generally  covered  with  fbrninj 
enamel,  the  inner  Hp  is  crenulated,  and  the  outer  lip  is  uhitk- 
ened,  inflected,  and  crenulaled.  The  small  Cowries  of  Tducfl 
Cypraa  Europma  is  the  type,  are  not  known  as  occurring  in  the 
fossil  condition. 

DivisivH  b.  Hohstomata. — Margin  of  the  shdl^ap^urc  ^*mtir^ 
rarely  twichai  or  produced  into  a  canal. 

Fam.  7.  Naticid.€. — Shell  globular,  of  few  whorls,  with 
small  spire ;  outer  lip  acute ;  inner  lip  (pillar)  often  calli 
Foot  very  large  ;  mantle-lobes  hiding  more  or  less  of  the 
This   family  is  stated  to   commence  in    the  Upper  Sil' 
Rocks ;  but  there  is  more  or  less  uncertainty  as  to  the 
affinities  of  the  PaKxozoic   fossils  which   are   referred 
The  most  important  fossil  genus  is  Natiea  itselC 

The  shell  in  Natica  (fig.  2 13)  is  thick,  smooth,  and  polls' 

often  with  coloured  markings.     The  inner  lip  is  callouf 

the  shell  is  umbiHcated.     Fossil  Natica  have  been  desc 

from  the  Upper  Silurian,  Devonian,  Carboniferous,  and 

mian  Rocks;  and  they  are  very  abundant  in  all  the  Secoc 
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Tertiary  formations.  The  sub-genus  Natko/fsis  is  Carbo- 
rous,  NatUella  is  Triassic,  and  Globulus  is  found  in  the 
ene. 

!am.  8.  PvRAMiDELUDiK. — Shell  tiirreted,  with  a  small 
rture ;  sometimes  with  one  or  more  prominent  plaits  on  the 
(inella.  Operculum  homy  and  imbricated.  The  Pyrami- 
ya  commence  in  the  Lower  Silurian  Rocks,  and  appear  to 
>n  the  decline  at  the  present  day.  The  chief  fossil  forms 
ing  to  the  genera  Chemmtzia^  Euiima^  Loxonemay  and 
zrochri/us. 

'^honnitzia  includes  a  number  of  slender,  turreied,  many- 
►rled  shells,  wiih  plaited  whorls,  and  a  simj^le  aperture.  The 
us  appears  to  commence  in  the  Permian  Rocks,  and  whilst 
'c  than  one  hundred  and  Jifty  fossil  species  are  knowTi,  the 
iber  iA  living  forms  is  very  small.  Many  of  the  shells,  how- 
r,  included  under  this  head,  are  of  very  doubtful  afliinities. 


Post-PliixcQe, 


Fif,  314,— M/KrocA^i/kj  tub- 
cottatuM.     Devonian. 


lu/ima  includes  small,  polished,  elongated  shellsr  with  level 
»rls  and  a  reflected  inner  lip.  EuiumE  are  of  doubtful  oc- 
•cnce  m  the  Carboniferous  Rocks,  are  sparingly  represented 
he  Secondary  Rocks,  but  are  tolerably  abundant  in  the 
tiaries. 

Tie  genera  Loxottema  and  Macrochdhts  (fig.  2i4)»  lastly, 
ude  Palaeozoic  shells,  whose  true  place  is  in  many  cases 
ertain.  The  former  extends  from  the  Lower  Silurian  to 
Trias,  but  the  latter  is  mainly,  if  not  exclusively,  contined 
he  Devonian  and  Carboniferous  Rocks. 
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Fam.   9.   Cerithiad^ — Shell    spiral,   tuneled ;  apcrtmi 
channelled  in  front,  with  a  less  distinct  posterior  canaL 
generally   expanded   in    the   adult.       Operculum  honir 
spiral.     The  Ceriihiada  are  exclusively  confined  to  thcl 
ary^  Tertiary,  and  Recent  periods,  and  are  represented 
Tertiary  Rocks  by  a  vast  number  of  forms.     The  most  imf 
ant  fossil  forms  belong  to  the  genera    Cerithium^  Fcki 
Nerinaa,  and  Aporrhais^  of  which  Ncrincta  is  extinct, 
exclusively  confined  to  the  Secondary  period. 

For  all  practical  purposes  Ceriihium  and  Potamides  nuyj 

considered  together,  isl 
strict  line   of  demarc 
can  be  drawn  betwctn 
fossil  forms.     In  bo 
shell  is  lurreled  and 
whorled  (fig,  215),  witil 
Avithout  varices. 

The  aperture  ofliiei 
is  small,  with  a  tortuomsi 
terior    canal,  and 
panded  outer  lip.    Mc 
the  living  forms  arc  ii 
tants  of  fresh  or  bi 
waters,  and  they  arc 
found  in  hot  climates, 
fossil  forms,  to  the  m 
of    nearly    five    hui 
commence  in  the  Trias,  but  they  attain  their  maximun] 
development  in  the  Eocene  Tertiary. 

In  the  genus  Nerimra  (fig.  216),  the  shell  is  turrcted, 
whorled,  and  nearly  cylindrical.     The  columella  carries 
tinuous  ridges,  and  similar  ridges  exist  on  the  interior! 
whorls,  so  that  casts  of  the  interior  of  the  shell  are  often 
unlilce  the  form  of  the  exterior.     The  aperture  of  the 
channelled  in  front.     The  species  of  AWtTnea  are  eiclt 
Jurassic  and  Cretaceous,  and  are  ver)'  numerous.     OneC 
limestones  of  the  Jura,  believed  to  be  of  the  age  of  ihci 
Rag  (Middle  Oolite)  of  Britain,  abounds  to  such  an 
in  these  shells  as  to  have  gained  the  name  of  "  Cal< 
N^rinfe." 

In  the  genus  Aporrhais^  lastly,  the  shell  is  turreted,  a" 
outer  lip  of  the  adult  is  greatly  exjxinded  and  lobed 
species  of  this  genus  are  marine  in  their  habits.  Agreai 
Jurassic  and  Cretaceous  shells,  generally  referred  at  pre 
RosUUaria^  probably  belong  really  to  Aporrhais\ 
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atton  of  these  fossils  by  the  shells  alone  is  attended  with 

lifficulties. 

t.   10.   Melaniad^e. — Shell   spiral,    tuireted  ;    aperture 

duinnelled  or  notched  in  front ;  outer  lip  acute.     Oper- 

homy  and  spiral.    Many  fossil  shells  have  beer  referred 

Mf/aniaJiE^  but  it  is  probable  that  most  of  these  belong 

Palxozoic  genus  Loxonema  and  the  Mesozoic   Cheni- 

The  true  Afehnia  do  not  appear  to  have  commenced 
acistence  till  the  Eocene  Tertiary.  All  the  living  species 
\  fresh  water,  generally  in  the  warmer  parts  of  the  world  ; 
is  probable  that  all  the  fossil  species  occur  only  in  fluvia- 
d  lacustrine  deposits. 

t,  II.  TuRRiTELUD.v:. — Shell  tubular  or  spiral,  often 
id;  upper  part  partitioned  off;  aperture  simple.  Oper- 
homy,  niany-whorled.  Foot  very  short.  Kranchia! 
single.  The  TurriteUida:  are  not  knoivn  to  have  existed 
Paheozoic  period  ;  but  they  appear  to  commence  about 
ddle  of  the  Jurassic  period,  abounding  in  the  Tcrtiaries, 
ttaining  their  maximum  in  existing  seas.  The  chief 
jenera  are  TurriUlh^  VermduSy  and  Scaiaria. 
Turrittlla  (fig.  217)  the  shell  is  turreted.  many-whorled, 
pirally  striated ;  the  aperture  is 
md  rounded,  and  the  peri.stome 
Species  of  Turrittiia  ha\e  been 
5ed  from  the  Palaeozoic  and  older 
;oic  formations,  but  almost  cer- 
belong  to  the  genera  Afutihuonia 
cxctitma.  The  genus  is  for  the 
tne  represented  with  certainty  in 
ower  Cretaceous  Rocks  {Neo- 
n),  and  many  fossil  species  are 
in  the  Tertiaries, 
t  genus  Vermetus  comprises  tubu- 
eUs,  the  chief  interest  i:^^  which 
strong  resemblance  which  they 
.0  the  Anneiidous  genus  Strpuia. 

lell  is  attached^  and  though  regularly  spiral  when  young, 
tys  irregular  in  its  growth  when  adult.  The  fossil  species 
tst  distinguished  from  Serpufa  by  the  fact  that  the  tube 
atedlv  partitioned  off  by  calcareous  septa,  as  the  animal 

It  IS,  however,  often  a  matter  of  extreme  difficulty  to 
line  whether  a  given  specimen  be  a  Vcrmctus  or  a  Scr- 
Fossil  Vermeti  are  known  from  the  Lower  Cretaceous 
is. 

genus  Scalaria  comprises  the  Wende-traps,  in  which 


Fig.  317. — Turriteilm  tmgH- 
iatn.    Ncocumun. 
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the  shell  is  very  like  that  of  Turriiella,  but  the  trhi 
ornamented  with  transverse  ribs,  and  the  penstome  is  < 
ous  round  the  circular  aperture  (fig.  205).  The  S\nkt 
mence  in  the  Middle  Oohtes  (Coral  Rag),  and  atU 
maximum  in  existing  seas. 

Fam.  12.    LiTTORiNiD^. — Shell  spiral,  to[>-shaped,' 
pressed ;    aperture    rounded    and    entire,    operculuiB] 
and   pauci-spiral.      The   exact   range   of   the  Ltttm " 
time  is  uncertain,  owing  to  the  difficulty  of  detcrni: 
true  affinities  of  many  fossil   Univalves.     Several 
and   Mesozoic  shells   have  been   referred   to  LUU 
the  genus  Rissoa  commences  in  the  Permian, 
however,  is  mainly  characteristic  of  the  Tertiary  an 
periods. 

In  the  jrenus  Littor'ma  are  the  true  Periwinkles, disti 
by  their  thick,  generally  toji-shaped  and  pointed  she 
whorls,  and  with  an  imperforate  columella.     The  ufll 
fossil  species  range  from  the  Middle  Ternaries  to  ih^ 
day.  j 

In  the  genus  Solarium  (fig.  218)  the  shell  is  much  dfl 
there  is  a  large  and  deep  dl 
running  from  the  base  to  \ 
of  the  shell,  and  the  aperto) 
shell  is  rhombic.  Doubtful! 
ary  forms  of  this  genus  arci 
but  t!ie  undoubted  spedi 
nience  in  the  Eocene  Tertiaj 
genus  Phorus  also  comprisi 
the  true  range  of  which  ial 
certain.  Undoubted  s 
ever,  date  from  the 
period.  I..a.sdy,  in  the  g 
the  shell  is  ver>'  small,  po 
many-whorled,  with  a  s; 
aperture  surrounded  by  a  cfl 
peristome.  Many  fossil  s{i 
known,  commencing  in  the 
Rocks,  abounding  in  the  Oolites,  and  being  very  abU 
the  later  Tertiaries. 

Fam.   13.  PaludiniDjE. — Shell  conical  or  globu 
ture  rounded  and  entire;  operculum  homy  or  she 
PaiuJiuida  are  essentially  inhabitants  of  fresh  water 
they  sometimes  live  in  brackish,  or  even  in  salt  wati 
matter  of  course,  therefore,  they  are  chiefly,  if  not  cx< 
found  as  fossils  in  deposits  which  are  believed  to  b^ 


\ 
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[ocustrine  in  their  origin.  The  three  chief  or  only  living 
era  are^  Paiudina^  Vaivaia^  and  AmpuUaria.  The  two 
ner  date  from  the  Cretaceous  period,  the  first  possibly 
n  the  Jurassic,  and  both  abound  in  the  Wealdcn  and  in 
ny  Tertiary  deposits.  The  existence  of  AvipullariiJt.  in  a 
v\  state  is  attended  with  considerable  uncertainty,  chiefly 
Ri  the  great  dithculty,  or  impossibility,  of  separating  them 
tn  species  of  the  marine  genus  NaiUa. 

Fam.  14.  NeriTiD/E. — Shell  thick,  globular,  with  a  very 
all  spire  ;  aperture  semi-lunate,  its  columtUar  side  expanded; 
ter  lip  acute.  OpercuUini  shelly,  sub-spiral.  The  iXeritiJie 
t  not  known  as  occurring  in  the  PaUxozoic  Rocks,  but  are 
ind  from  the  Jurassic  period  onwards,  attaining  their  inaxi- 
im  at  the  present  day. 

Jn  the  genus  Nen'ta  (fig.  219)  the  shell  is  thick,  with  a  broad 
Imnelia,  the  inner  edge  of  which  is  straight  and  toothed. 


Fig.  »isk — NrritA  ScktmiJeliiAHa.     Eocene  Tertiary. 

>e  outer  lip  is  thickened  and  often  denticulated  internally. 
*e  true  Nerites  are  inhabitants  of  warm  seas  ;  and  they  date 
past  time  from  the  Lias.  The  nearly-allied  genus  Ncriiina 
Judes  the  so  called  "fresh-water  Nerites/'  which  agree  in 
«t  characters  with  Ner'tta^  but  inhabit  fresh  or  brackish 
ters.  The  fossil  species  commence  in  the  Eocene  Tertiar}'. 
stiy,  the  genus /*/7rt>/wj  comprisc-s  small  limpet-shaped  shells. 
h  a  semi-lunar  aperture  below.  The  only  fossil  species  are 
fn  the  Lower  Oolites  (Great  Oolite). 

F'am.  15.  TuRHiNiD-ii. — Shell  turbinated  (top-shaped)  or 
'a.midal,  nacreous  (if.  pearly)  inside.  Operculum  horny  and 
Iti-spiral,  or  calcareous  and  pauci-.spiral.  The  family  of  the 
'-^w/V/i?  has  a  very  high  antiquity,  dating  from  the  Lower 
Arian ;  but  many  of  the  older  shells  referred  lo  this  family 
■  of  more  or  less  doubtful  affinities.  'Ihe  most  important 
Sil  genera  are  Turbo,  Trochus,  and  Etwmphalus. 
In  the  genus  Turb&{^%,  aao)  the  shell  is  turbinated,  with  a 
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round  base.     The  whorls  are  convex;  the  aperture  is  largeJ 

rounded;  and  the  opercuUim  is  calcareous.     A  great 

of  fossil  species  of  this  genus  havel 
described,  commencing  in  the 
Silurian  ;     but    there    is   considf 
donbt  as  to  the  true  position  of 
of  the  older  fonns. 

In  the  genus  Trofhus  the  shdlj 
pyramidal,  with  a  nearly  flat  base; 
aperture  is  oblique  and  rhonjbic 
shape,  and  the  operculum  ishoniy. 
great  number  of  species  of  this  pi 
also,  have  been  described,  comni 
ing  in  the  Silurian  Rocks.  As  in 
case  of  Tutbo^  however,  the 

of  many  of  the  older  forms  are  very  problematical. 

The  g^nws  Euomp/ia/us  (U^.  2zi)is  entirely  extinct,  anil 

essentially  Palajozoic,  ranging  from  the  Silurian  to  the'" 


Fig.  aao.— /"m/A?  ti4i\-t>itat u4, 
Devonian. 


Fig.  931.— £'M»m/^f/Ki  Z)/C/Tvt'(BiItuics).     m  Front  view,  6  View  of  the  i 
Dcvoaian. 

but  being  most  abundant  in  the  Carboniferous  RocU 
shell  in  this  genus  is  depressed  or  discoidal,  the  whorls 
nearly  or  quite  in  the  same  plane.     The  whorls  are  ai 
or  coronated,  the  aperture  is  polygonal,  the  umbilicus  is 
large,  and  there  is  a  shelly  operculum.     The  genus  C/^tA*] 
closely  allied  to  £uompha/tts,  if  not  identical  with  it 

Fam.  r6.  HALioTm.€. — Shell  spiral,  e:ir-shaped,  or 
aperture   large,   nacreous.      Outer  lip  notched  or  pe» 
Nooperculum.     Mantle-margJu  with  a  posterior  foldo] 
occupying  the  slit  or  perforation  in  the  shell. 

The  living  genera  Haliotis  and  Scissx4rdla  are  not  li 
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Tocks  older  than  the  Miocene  Tertiary.  The  extinct  genera 
Fliur&tomaria  and  Murchisonia  are,  on  the  other  hand,  of  great 
tnliquity,  the  Utter  being  excUisively  Palaeozoic,  and  the 
iormer  mainly  so. 

The  genus  Haliotis  comprises  the  so-called  "  ear-shells," 
distinguished  by  their  ear-shaped  shell,  with  a  minute  spire, 
an  enormous  aperture,  and  a  series  of  round  perforations  in 
tiw  outer  angle  of  the  shell.  A  few  fossil  species  are  known, 
commencing  in  the  Miocene. 

In  the  genus  ScissurtUa^  which  also  commences  in  the 
Miocene,  the  shell  is  thin,  with  a  large  and  greatly  expanded 
body-whorl,  and  the  place  of  the  perforations  of  Haliotis  is 
taken  by  a  simple  slit  in  the  margin  of  the  outer  lip. 

The  genus  Piturotomtxria  comprises  a  great  number  of 
Piteozoic  univalves,  which  occur  in  the  Sikirian,  Devonian, 
ud  Carboniferous  formations.  In  sediments  later  than  the 
Carboniferous  the  genus  is  largely  represented,  extending  even 
to  the  close  of  the  Mesozoic  period.  In  the  Jurassic  period 
especially  the  genus  has  a  great  development,  most  of  the 
Ibnn-i  being  more  ornate  than  those  from  the  older  rocks, 
la  the  Cretaceous  Rocks  the  genus  finally  dies  out,  with 
ne  sole  exception  of  a  single  living  species.  The  form  of 
■he  shell  in  PUurotomaria  (hg.  222)  differs  considerably  in 
cCffcrent  cases.  Very 
commonly  the  shell  is 
Mtry  similar  to  that  of 
^<shus.  \  n  other  cases 
bmore  nearlyresemblcs 
IkrJo/  and  sometimes 

is  very  much  flatten- 


%# 


Fig.  3a«. 


'FtrHrvtemaria  Aeatv. 
Silurian  (BiUinsi). 


Lower 


9ut  and  depressed. 

shell    consists   of 

whorls,   of  which 

last  nuy  be  discon- 

from  the  others, 

is  essentially   dis- 

led  by  its   sub- 

itc  aperture,  with 

:r  or  shallower 

the  outer  lip.  As 

shell  grows,  this  slit 

progressively  filled  up,  forming  a  well-marked  band  on 
wfaoris.     By  this  character  PUurotomaria  may  generally  be 
tished  readily  from  such  shells  as  Trockus  and  Turbo. 
\isoma  (fig.  224)  is  another  genus  of  great  importance 
R 


Fig.  xay—Pin*rvte>m(trin   Dryoft. 
SUurian  (liilliagk). 
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to  the  student  of  the  older  rocks,  as  it  is  exclusively  confined 
to  the  Paleozoic  period,  ranging  from  the  Lower  Silurian  to 
the  Permian.  The  shell  in  Mtirchisonia  closely  reiembles 
that  of  Pieuro/omariay  but  is  usually  more  elongated  and  com- 
posed of  a  greater  number  of  whorls.  The  outer  Up  is  dcepljr 
notched,  and  the  whorls  have  the  same  band  on  their  exterior 
as  is  present  in  Pleuroiomaria.  The  aperture  of  the  shell  ii 
slightly  channelled  in  front,  and  the  surface  is  often  variousljr 
scul[)turtd  and  adorned. 

AVe  may  place  hcrc^   provisionally,  the   Palseozoic  gcnw 
Hoiopca  (fig.  235),  the  exact  afiinities  of  which  are  doubtftl 

The  shell  in  this  genus  is 
spiral,  the  aperture  onl, 
and  tJie  outer  lip  sinuatfd 
near  the  base.  Thegenw 
has  been  compared  totfae 
violet-snail  { lantkina)  rf 
the  Atlantic,  in  whidk 
case  its  place  should  be 
here;  but  its  true  poa- 
tion  is  altogether  ana^ 
tain.  It  is  exclusirel|f  < 
Silurian  in  its  range;  dsA* 
it  is  probable  that  ibe: 
genus  Piatyccf'os  shonld 
be  united  with  it,  inwhid. 
case  the  vertical  rufc 
will  be  extended  al  auf 
rate  to  the  Carboniferous, 
Fam.  17.  Fis.surellid.e: — Shell  conical,  patelliform,  uridii 
notch  in  the  anterior  margin,  or  a  perforation  at  the  ^\^a^ 
which  is  occupied  by  the  anal  siphon.  Muscular  impression 
horse-shoe  shaped,  open  in  front.  The  existence  of  the  B^ 
sureiUdiZ  in  the  Pala:ozoic  period  is  open  to  considerable 
doubt ;  but  a  good  many  fossil  forms  are  known  ftotn  the 
Secondary  and  Tertiar)'  Rocks, 

The  genus  Fissurelia  comprises   the   so-called    "  K 
Limpets,"  distingiushcd  by  having  the  apex  of  the  shell 
forated  by  a  larger  or  smaller,  generally  oval  aperture.   D 
ful  examples  of  the  genus  have  been  indicated  as  occurri 
the  Devonian  and  Carboniferous  ;  but  there  are  a  good 
unequivocal  species  in  the  Secondary  and  Tertiary  Rocks, 
the  Oolitic  genus  Rhnula  the  perforation,  instead  of  b 
the  apex  of  the  shell,  is  placed  a  little  above  tlie  an 
margin.     Lastly,  in  Emarginuia  the  anterior  margin  is 


Fit[.  324. — Mmrtki- 
Sontn  grftcilUiHaW). 
Lower  Siluriiuu 


Fig.  aas-  —  iicfie^t 
CwlJJitttsis  (nillings). 
Middle  Silurian. 
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The  species  of  this 


iished  unth  a  longitudinal  notch  or  sHt. 
genus  date  from  the  Trias. 

Fam.  t8.  CALVPTR.^m.^. : — Shell  limpet-shaped,  with  a  more 
or  less  spiral  apex ;  interior  simple,  or  divided  by  a  slielly 
process  to  which  the  adductor  muscles  are  attached.  Exclud- 
ing shells  whose  true  position  is  uncertain,  it  would  appear 
very  questionahle  if  any  of  the  Calyptrmda  are  found  in  the 
Palaeozoic  Rocks.  They  are  by  no  means  abundant  in  the 
Secondary  formations ;  and  though  more  plentiful  in  the  Ter- 
tiaries,  they  attain  their  maximum  in  existing  seas. 

The  genus  Ca/ypfma  includes  the  so-called  "Cup-and- 
saucer  limpets,"  in  which  the  interior  has  a  half-cup-shaped 
process  attached  to  the  apex  of  the  shell,  and  open  in  front. 
With  doubtful  exceptions,  the  fossil  species  of  Calypiraa  are 
all  of  Tertiary  age.     In  the  genus  Crepiduia  there  is  a  shelly 

Partition  covering  the  posterior  half  of  the  interior  of  the  shell. 
'he  fossil  species  date  from  the  Eocene  Tertiary.  In  the 
genus  Pileopsis  (or  Capuius)  are  included  the  **  Bonnet-lim- 
pets," in  which  the  apex  of  the  shell  is  spirally  recurved.  If 
Piatyceras  be  excluded  from  this  genus,  the  species  of  Pikopsis 
date  from  the  Lias ;  but  the  farmer  is  Paliozoic. 

Fam.  19.  Patellid^: — Shell  conical^  with  the  apex  turned 
forrv'ards ;  muscular  impression  horseshoe  shaped,  open  in 
front.  Foot  as  large  as  the  margin  of  the  mantle.  Respira- 
tory organ  in  the  form  of  one  or  two  branchial  plumes, 
lodged  in  a  cervical  cavity,  or  of  a  series  of  lamclloe  sur- 
rounding the  animal  between  the  body  and  the  mantle.  The 
J^ateiitdit  commence  lo  he  represented  in  the  Lower  Silurian 
Rocks,  and  have  continued  to  the  present  day. 


Fig.  *^-—M*to/i*ttta  nyctfis.     n  Side  view  ;  h  \'icw  ^jf  ihc  upper  aitlc 
liower  Silurian  (Hillings). 

The  genera  Patella  (including  the  common  Limpets),  Ac- 

■<7.   and   Meioptoma   can    hardly  be   separated   in   practice 

>m    one   another.      Patella  and  Atmaa,  at   any  rate,  are 

jjalieontologically  indivisible,  since  the  only  distinctions  be 

tween  them  are  in  the  nature  of  the  respiratory  organs.     Ir 


M 


i6o 


MOLLUSCA. 


eluding  these  genera,  therefore,  in  one,  the  range  of  the 
Limpets  is  from  the  Silurian  upwards. 

The  genus  Afdopioma  (fig.  226)  very  closely  resemhlw 
Patella^  but  the  muscular  scar  consists  of  a  number  of  dis- 
connected cavities.  In  the  typical  species,  also,  the  anterior 
side,  under  the  apex  of  the  shell,  is  truncated  or  nearly  stmighi 
Si>ecies  of  J/^r/tz/Zt/wd  are  particularly  abundant  in  the  Lower 
Silurian  series ;  but  they  range  as  far  as  the  Carbonifcroui 

Fam.  20.  Dentalid.'E  : — Shell  tubular,  sy-mmetrical,  curved, 
open  at  both  ends.  Aperture  circular.  Foot  pointed,  with 
symmetrical  side-lobes.  The  "Tooth-shells"  arc  gcncrall)' 
placed  here,  in  the  vicinity  of  the  Limpets;  but  they  arc  re- 
ferred by  Huxley  to  the  class  of  the  Pteropoda.  The  lamily 
comprises  the  single  genus  Dentnlium^  well  known  bv  llw 
tubular,  smooth,  or  longitudinally  striated  shell,  open  at  both 
ends.  The  fossil  species  are  liable  to  be  confounded  withibe 
tubes  of  Tubicolar  Annelides,  or  a  reverse  mistake  to  this  miy 
be  made.  Several  species  have  been  described  from 
Devonian,  and  more  especially  from  the  Carboniferous  R 
some  of  them  of  large  size  ;  but  more  or  less  doubt  obtains 
to  the  true  nature  of  these.  The  Secondary  Rocks 
yielded  a  considerable  number  of  species,  and  they  bec( 
still  more  numerous  in  the  Tertiaries. 

Fam.  21.  CHiTONiD-t: — Shell  multivalve,  composed  of  cij 
transverse  plates,  disposed  one  behind  the  other  in  animl 
ed  manner.     Animal  with  a  broud  creeping  foot;  brani 
forming  a  series  of  lamellae  between  the  foot  and  the  mani 
round  the  posterior  part  of  the  body.     The  Chiionida 
prise  only  the  single  genus   Chiton^    with  sc 
more  or  less  distinct  sub-genera.     The  species 
the  fiimily  commence  in  the  Lower  Silurian,  and 
rare  as  fossils,  attaining  their  maximum  at  the  pi 
sent  day. 

The  distinctive  peculiarities  of  the  shell  of 
Chitons  (fig.    227),  by  which  they  may  aUa)-s 
separated  from  the  Cirripedes,  are  the  folloiv-ing 
I.  The  shell  never  consists  of  more  or  fewer 
//J/Sj«7a7  eight  pieces.     2.   The  valves  of  the  shell  arc 
chiton  GHffi'  wa>'s  placed  one  behind  the  other  in  a  unilin^ 
{Ai^^sitt"^*)  series.     3.  The  six  middle  plates  of  the  shell 
divided,  each,  by  lines  of  sculpturing  into  three 
tinct  areas — a  dorsal  and  tAvo  lateral  areas.     4.  Each  pi 
is  imbedded  in  the  mantle  of  the  animal  by  forward  exteo: 
of  its  front  edge,  which  are  termed  the  '* apophyses." 
The  Chitons  are  represented  by  fossil  species  in  the  Sil 
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Fig.  3)6. — Cintilia  Avtllatta  {/ivfltAma 
eaitu,  D'Orbigny).     Chalk. 


jE>nian,  Carboniferous,  and  Permian  Rocks,  and  are  not  so 
jteively  rare  in  the  Carboniferous  Limestone.  They  are 
[poorly  represented  in  the  Secondary  Rocks,  and  are  by 
peans  abundant  in  the  Tertiaries. 

RDER  II.  QpisTHORRASCHiATA  :—Gi//s /f/aad /o7c>an/s  tA€ 
4ff  the  body. 

|Uhi.  22.  ToRNATELLiD.€  :^ShdI  cxtemal^  spiral  or  con- 
ted  ;  aperture  long  and  narrow  j  columella  plaited.  The 
WUHida  are  mainly  Mesozoic,  ranging  from  the  Trias  or 
nhe  base  of  the  Jurassic  series  to  the  Chalk  inclusive, 

attaining  their  maximum  in  the  Cretaceous  series. 
^1  genera  are  entirely 
let,  of  which  the  most  im- 
|nt  is  Cinulia  (fig,  228). 
^is  genus  the  shell  is 
illar,  with  a  small  spire, 
outer  lip  reflected  and 
fclated  interiorly,  and  the 
pnella  with  tooth  -  like 
b  All  the  species  are 
kceous.  In  the  genus 
SaiiUdy  the  shell  is  ovatc> 

a  well-marked  spire,  the  outer  lip  thin,  and  the  colu- 

Ewith  a  strong  fokl  The  fossil  species  range  from  the 
upwards,  and  the  genus,  though  on  the  decline,  is  re- 
Eted  by  several  living  species.  Many  of  the  Secondary 
i  belong  to  more  or  less  distinct  sub-genera  ( CTyAWrrV^, 
^fUa,  and  Acieotuna). 

01.  23.  BuLLiDvE : — Shell  convoluted,  thin ;  spire  small  or 
^led ;  lip  sharp.     Anima!  often  more 
fcss   completely   investing    the    shell. 
£nlHda  commence  their  existence  in 
lurassic  period,  and  have  continued 
[e  present  day.     The  only  important 
IP  is  Bui/a,  comprising  the  so-called     .^ig  "?•- 
bble-shclls "  (fig.  229).     The  species 
is  genus  are  not  uncommon  in  the  fossil  condition,  com- 
bing in  the  Oolites. 

)tM.  24.  Aplysiad.*:  : — Shell  absent  or  rudimentary,  con- 
Id  by  the  mantle  when  present  Animal  slug-like  ;  sides 
lively  lobed  and  reflected  over  the  back  and  shell.  One 
|to  shells  from  the  younger  Tertiary  rocks  have  been  re- 
D,  with  great  doubt,  to  the  genus  Aplysia. 
|M.   25.  Pi.furobranchid.f:  : — Shell   limpet-like  or  con- 
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the  animal.     Two  doubtful  species  belonging  t< 
Umbrciki  have  been  described  from  the  'rcrtiaxies 
family  is  otherwise  unknown  in  the  fossil  condition. 


buttbf 


CHAPTER    XXII. 
CASTEROPODA—Coniintud, 


HeTEROPODA   and   PULMONIFERA. 


Ordeh   III.    Heteropoda    or    Nucleobranchiata 

Gasteropoda  of  this  order  differ  from  the  typical  members  of 
the  class  in  being  organised  to  lead  an  cxUtence  in  the  ^ 
occtin^  iocomotUyn  being  efftikd  by  a  fin-like  tail^  or  by  j  /* 
shaped  vcrtically-fiatUned  ventral  fin.  They  are  found  swio- 
niing  at  or  near  the  surface  of  the  ocean ;  and  the  body  irurir 
completely  protected  by  a  shell,  within  which  the  aninuit* 
retire,  and  which  can  be  closed  by  an  operculum.  In  oi 
cases,  as  in  Carinaria  (fig.  230),  the  body  is  large,  and  tbi 


Fig.  330. — Heteropoda.     Carinarht  cymht'um,    f  Prutxisn^  ;  /  Tcatadas; 
*  Shell ;  /  Fool ;  d  Disc.    (Afier  Woodward.) 

only  a  small  shell  protecting  the  gills  and  heart  Ib 
cases,  again,  the  shell  is  completely  wanting.  The  oro*] 
divided  into  the  two  families  of  the  J'irolidte  and  Ail^ 
The  former  of  these  is  represented  by  a  single  specicj^^* 
from  the  Miocene  Tertiary.  The  latter  had  a  great  dc 
ment  in  Palaeozoic  seas,  and  is  represented  in  the  fonn 
of  this  period  by  several  remarkable  genera. 

Fam.    I.  FiROLiD/E; — Body  large,   never  corapletell" 
tected  by  a  shell,  often  shclMess.    Sometimes  a  small  d 
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hyaline  shell,  placed  on  the  back,  protecting  the  gills.  The 
only  genus  of  this  family  which  is  represented  in  a  fossil  state 
is  Oritiaria  (fig.  230),  a  single  species  of  which  has  been  found 
in  deposits  of  Tertiary  age  (Miocene). 

Fam.  2.  Atlantid^  : — Animal  furnished  with  a  well-de- 
Tclopcd  shell,  into  which  it  can  retire.  Shell  symmetrical, 
discoidal,  destitute  of  septa,  often  provided  with  an  operculum. 
This  family  is  represented  by  the  genera  Beiierophon^  Mac/urea^ 
CyrtoiiUs^  Sccuhomphalus^  and  PorceUia^  most  of  which  are 
exclasively  Palajozoic,  whilst  the  others  are  mainly  so. 

In  the  genus  BdUrophon  (fig.  231)  the  shell  is  symmetrical, 
coivoluted,  the  coils  of  the  shell  usually  lying  iu  one  plane. 


QL— A//rpii>/*«<i  A  r£9  (UUlingft^.    ••  Kroot  view ;  »  si4«  new.      Lower  Silamn. 

whorls  are  few,  smooth  or  sculptured,  and  there  is  a 
'  dors.!!  keel  along  the  convex  margin  of  the  shell.     'J'hc  aper- 
ture is  often  more  or  less  expanded,  and  is  in  most  instances 
enurginate  or  deeply  notched  on  the  dorsal  side.     The  genus 
langes  from   the   Lower  Silurian  to  the  Carboniferous.     The 
I  Bdlo'Cfphista   of  the  Gault  (Upper  Cretaceous)  is  doubtfully 
I  illicd  10  BcUcrophoHy  and  may  belong  to  the  Ptcropoda. 

The  genus  Sfadurm  is  very  remarkable  in  its  structure,  and 
all  the  known  species  are  entirely  confined  to  the  Lower 
Silurian  Rocks.  The  shell  (fig.  233)  in  this  singular  genus  is 
"discoidal,  few-whorlcd,  longitudinally  grooved  at  the  back, 
and  slightly  rugose  with  lines  of  growth ;  dextral  side  convex, 
deeply  and  narrowly  perforated  ;  left  side  llat,  exposing  the 
inner  whorls ;  operculum  sinistrally  sub-spiral,  solid,  with  two 
internal  projections,  one  of  them  beneath  the  nucleus,  very 
thick  and  rugose"  (Woodward).  Aladurea  lias  been  variously 
regarded  as  "dextral"'  or  "sinistral ;"  but  the  probabilities  are 
intivour  of  the  view  that  it  is  truly  dextral.  In  this  case,  the 
fl^  side  of  the  shell  is  the  umbilicus,  and  the  spire  must  be 
regarded  as  sunk  below  the  general  surface  of  the  shell,  (On 
this  view  the  specimen  figured  at  b,  fig.  ^32,  is  represented  up- 
side down.)     The  species  of  Maduna  occur  chiefly  at  the  base 
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of  the  Lower  Silurian  series  both  in  North  America  and 
Scotland,  occurring  in  some  localities  in  the  greatest  pr 


Vi$.  tyt,—Jfacinr9M  armiUMta.    «  Spite :  A  front ,  e  b«M.     Lower  Siluriui 

The  genus  Ophilcia  (fig.  253)  of  the  Silurian  Rocks  maybt 
mentioned  here,  though  its  true  aOinities  ore  extremely  dout 


Fiff.  S3>— <^iV«/«  h€Ua  (Billing).     Different  riews  of  a  nearly  pcrfecl 
Quebec  Oroup  (Upper  Cambtuo?) 

ful.     The  shell  in  this  genus  is  discoidal,   and  ven*  dosdf 
resembles   that   of  Euomphahts.     The  ajxnrture,  however,  is 
stated  by  Mr  Billings  to  have  a  sinus  in  the 
lower  lip  and  a  notch  in  the  upper  li[ 
characters  which  are  not  present  in  Mk 
iuna.     It  is  a  matter  of  question  wh( 
Ophikia  should  be  regarded  as  comprisii 
species  of  Miuiurca   vnih   slender  whorl 
or  whether  it  should  be  placed  in  the  Tu 
binufte,  in  or  near  Euomphaius^  or  wh( 
it  should  not  be  placed  in  the  Hai'wt'ui^ 
be  regarded  as  a  discoidal  Piairottmam. 
In  tlie  genus  CyrtoHUs  ^fig.  234)  the  sh( 
is  thin,  symmetrical,  discoidal,  or  coiled ' 
the  shape  of  a  horn,  the  whorls  more  or  less  disconnecte 
furnished  with  a  keel,  and  sculptured.     The  species  of 


Fie   934- — Cyripiiifs 
firwMttu,     Lower  SUu- 


pcnus  range  from  the  Lower  SilurLon  to  the  Carboniferous 
Rocks,  and  are,  therefore,  exclusively  Palaeozoic. 

In  Euuiiomphaius  (fig.  235)  the  shell  is  very  like  that  of 
CyrioHt€5^  but  the  whorls  are  few  in  number,  and  are  widely 
icparaied  from  one  another.     The  shell  is  thin,  and  the  coils 


•)S- — ScTHiifimfiAaiut  tUMtoMt.    (Quebec  Group  (Upper  CambruuiT} 

the  same  plane.  The  species  of  this  genus  range  from 
Liiwer  Silurian  to  the  Carboniferous,  and  have  been  cora- 
^od  to  EmmphaU  imperfectly  rolled  up ;  but  the  true  aftini- 
^Bfthe  genus  are  doubtful. 

^ftsdy,  the  genus  PorceiUa  includes  shells  which  are  com- 
posed of  many  whorls  coiled  into  a  flat  spiral.  The  whorls  are 
luded,  and  the  aperture  has  a  dorsal  slit.  The  species  of  this 
genus  are  mainly  Paleozoic,  but  range  into  the  Trias. 

Section  B.  Pulmonifera: — Respiration  aerial,  by  means 
of«  pulmonary  chamber.  The  Pu/ntoni/era  include  the  ordin- 
*y  Land-snails, Slugs,  Pond-snails, &c.,  and  are  usually  provided 
»ith  a  well-developed  shell ;  though  this  may  be  rudimentary 
[as  m  the  Slugs),  or  even  wanting.  In  the  Land-.snnils  and 
Pond-snails  there  is  a  well-developed  shell  into  which  the 
inimaJ  can  retire  completely.  The  Slugs,  again,  have  a  merely 
Tidimentar)'  shell  which  is  completely  concealed  within  the 
tuntlc.  The  completely  shell-less  forms  are  necessarily  wholly 
toknown  as  fossils.  The  Slugs,  with  a  rudimentary  shell,  are 
>tily  doubtfully  represented  in  a  fossil  state,  and  that  only  in 
he  Tertiary  Rocks.  The  abundance  of  the  shell-bearing  forms 
is  fossils  depends  mainly  on  the  habits  of  the  animal  The 
'!s,  being  terrestrial  in  their  habits,  are,  necessarily, 
...  ugly  represented  as  fossils,  and  they  do  not  date  back 
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to  a  time  anterior  to  the  Carboniferous.  The  Pond-snails,  ht- 
ing  exclusively  confined  to  fresh  water,  are  only  known  as  fossHi 
in  fluviatilc  and  lacustrine  deposits,  and  they  are  exclusird^ 
Secondary  and  Tertiary,  not  being  known  in  the  Pabeoioic 
period.  'The  Pu/ffiani/tra  are  divided  into  the  two  orders  of 
the  JnopcrciiliXta  and  Operathiia^  according  as  the  shell  is  dci- 
titutc  of  an  operculum,  or  is  provided  with  this  apparatus. 

Ori>er  IV.   Inopkrculata  : — SIuU   tiot  pronUtd  with 
operculum. 

Fam.  I.  HELiciDiE : — Shell  well  developed,  capable  of 
taining  the  entire  animal.  With  the  exception  of  Pupa 
ZoniUs  (the  last  a  sub-genus  of  Jlelix),  all  the  Hclicida  bclongi 
the  Teriiary  and  Rect^nt  periods.  As  they  are  all  terrescriali 
their  habits,  they  are  necessarily  of  rare  occurrence  as  fc 
occurring  chiefiy  in  Jiuviatileand  lacustrine  deposits.  The 
genera  above  mentioned  have  been  found  in  the  Coal-Mea 
and  are  the  oldest  forms  of  the  group.  The  chief  fossil  g( 
are  Ihiix^  Bulimus^  Adiatina^  Pupa^  and  ClausiUa, 

In  the  genus  Helix  are  the  ordinary  Land-snails  (fig.  336), 
in  which  the  shell  is  conical^  sometimes  depressed,  or  sona- 
times  discoidal ;  the  aperture  transverse,  crescentic  or  rounded, 
and  the  columella  perforated  or  imperforate.  The  Landsruil^ 
with  one  exception,  are  all  confined  to  the  Tertiary  and  Receat 
periods.  The  exception  to  this  statement  is  the  ^miUj prism  • 
(fig.  236),  discovered  by  Dr  Dawson  in  the  Coal-McasurcsT 


Fif.    aj/L—Zifmi'ifS  {Cfinuitts)  ^n's*:us  (after   Dawson),     a  Specimen  cnUr^ 
dumetersi  A  Sculpture,  nugniAcd.     Coal-3k[easurex,  Nova  Scoiuu 

Nova  Scotia,     This  is  a  true  Land-snail  referred  to  ZtmUai 
Conidm^  a  sub-genus  of  Pfclix  itself. 

In  Biiiimus  the  shell  is  turreled  or  oblong,  the  colui 
generally  simple,  and  the  outer  lip  usually  exj)anded 
tliickened.     In  the  nearly  allied  genus  Achattna  the  coU 
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wisted,  and  the  lips  of  the  shell-aperture  are  thin.     Both 

era  date  their  existence  from  the  Eocene  Tertiary. 

•ti  the  genus  Pupa  the  shell  is  cylindrical  or  ohiong,  with  a 

ind,  often  toothed,  a]>erturc.     The  oldest  membtr  of  this 

ius  is  the  Pupa  vctusta  {fig.  237),  discovered  by  Dr  Dawson 

Uie  Coal-Measures  of  Nova 

otia,  in  the  hollow  trunk  of  an 

Cct  Sigiiiaria.     This  ancient 

nn  is  remarkably  Hke  some 

«ng  "Clirysalis-shells/'   and 

ere  appears  to  be  no  reason 

I"  framing  a  new  genus  (Den- 

S^/z/^i)  for  its  reception.  With 

•  exception  of  this  little  shell, 
fie  fossil  species  of  Pupa  are 
fined  to  the  Tertiary  period, 
•niencing  in  the  Eocene. 
f^  the  genus  Ciausi/ia  the 
I    is  spindle-shaped,  coiled 

a  left-handed  spiral  (*'sin- 
'!**),  with  an  elliptical  apcr- 

•  partially  contracted  by 
*y  processes.  The  Ciausi- 
^o  far  as  known,  date  their 
"^Tice  from  the  Eocene 
ia.Ty. 

■^M.  2.  LiMACiD.c: — Shell  rudimentary,  usually  internal  or 
r^aled  by  the  mantle.  The  "  Slugs"  are  included  in  this 
^»y,  and  they  are  only  known  in  the  fossil  slate  by  doubtful 
^itis  in  the  Miocene  und  Pliocene  Tertiary.  A  s[iecics  of 
«0'/Ai  has  also  been  indicated  as  occurring  in  the  Nliocenc. 
^it,  3.  LiMX.tiD.*; : — Shell  well  developed,  thin  and  hora- 
*Ured.  Aperture  simple  j  lip  shaqi.  The 
^**zida  are  all  inhabitants  of  fresh  water, 

they  are  found  in  fiuviatile  and  lacus- 
^  deposits.  They  are  believed  to  corn- 
ice in  the  Jurassic  period,  members  of 
family  having  been  described  from  the 
s  and  from  the  Purbeck  beds  (Upper 
Ues).  It  is  not,  however,  until  we  reach 
base  of  the  Cretaceous  system  (Weald 
y)  that  these  forms  appear  in  any  abun- 

.^he  genus  Limnaa  (fig.  23S)  includes  the    J^'"'"'"'^^"-  *^«^^ 
laJlcd  *•  Pond-snails,"  characterised  by   their   thin,  spiral, 


.)    A  Natural  kize ;   4  £d- 


(After  Uawion. 

larj;c<J  ;    c  ApCJt  enlarged  ;   c/  Sculpture, 

nugnifted.     Coal-Measures. 
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Fig.  339— {;*t'<» 
eelHtnnaris.   Eocene. 


elongated  shells,  with  a  large  body-whorl  and  an  obliqndy- 
tvvisted  columella.  The  species  of  this  genus  commence  in 
the  VVealden  (Lower  Cretaceous)  —  perhaps  in  the  Upper 
Oolites — and  are  abundantly  represented  throughout  the  Ter- 
tiary series. 

In  the  genus  Physa  {fig.  239)  the  shell  is  left-handed  ("sini»- 
IraJ  *'),  ovate,  thin,  and  polished,  with  the  aperture  rounded  io 
front.  Species  of  this  genus  have  been  indi 
cated  as  occurring  in  the  Purbeck  be*! 
per  Oolites)  and  Wealden  <Cret.i'  ;  . 
Most  of  the  fossil  species,  however,  belong  to 
the  Tertiary-  period,  and  the  genus  attain*  ill 
raaximum  at  the  present  day. 

The  genus  Ancylus  comprises  the  socalled 
''  River- Limpets,"  at  once  distinguished  by 
their  thin,  conical,  limpct-shapcd  shells.  A  few 
fossil  species  are  known,  chiefly,  if  not  exdn- 
sively,  confined  to  the  Tertiary  period. 
The  genus  Planorbis  comprises  a  number 
of  well-known  fresh-water  shells,  in  which  the  shell  is  div.oifiJ 
and  many-whorlcd,  the  aperture  crescentic,  and  the  lij'  thm. 
The  fossil  species  of  this  genus  dale  from  the  Lias  (?),  but  sic 
not  plentiful  except  in  the  Tertiary  deposits,  whence  a  lArge 
number  of  forms  has  been  obtained. 

Fam.  4.  AuRicuLitJ.ii : — ^Shell  spiral,  with  a  homy  epidei 
aperture   elongated  and   denticulated.      The  species  of 
family  inhabit  salt  marshes  and  ])Iaces  overflowed  by  the 
They  are  of  little  importance  as  fossils,  dating  from  the  Eocow 
Tertiary. 

( )RUER   V,    Operculata  : — Shfll  furnished  with  an  ^ 
cuium. 

Fam.  5.  CvcLOSTOMiDiB : — Shell  spiral,  rarely  elongated 
often  depressed.  Aperture  nearly  * 
Operculum  spiral.  The  genus  CV 
(fig.  240)  includes  almost  all  the  foiiil 
species  of  this  family,  and  dates  from  the 
Eocene  Tertiary.  All  the  members  of  this 
family  are  terrestrial  in  their  habits,  and 
they  are  of  small  importance  as  fossils. 

Fam.  6.  AcicuLin.!!:: — Shell  elongated, 
cylindrical ;    operculum    thin    and  sut- 
spiral.     A  species  of  A('uuh  has  been  in- 
dicated as  occurring  in  the  Pliocene  Tcrti' 
ary ;  but  the  family  is  otherwise  unrepresented  by  fossil  ft 
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CLASS  PTEROPODA. 


rc  Pieropoda  are  defined  by  being //w  and  pelagic^  swimming 

means  of  two  wing-like  appendages  (epipodia),  developed 
)na  each  side  of  the  anterior  extremity  of  the  body.  I'he 
anire  of  the  intestine  is  neural. 

As  to  the  position  of  the  Pta-opoda  in  the  Molluscan  scale, 
ey  must  be  looked  upon  as  inferior  in  organisation  to  any  of 
e  Gasteropoda^  of  which  class  they  are  often  regarded  as  the 
•vest  division.  They  permanently  represent,  in  fact,  the  tran- 
.*nt,  larval  stage  of  the  Sea-snails. 

The  living  Pteropods  are  all  of  small  size,  and  are  found 
iniming  at  the  surface  of  the  open  ocean,  often  in  enormous 
»bers.  Locomotion 
"fleeted  by  two  wing- 
■  fins  (fig.  241)  devel- 
<1  from  the  sides  of 
head.    In  some  cases 

body  is  naked  and 
fotected ;  but  there 
'T^tnonlya  symmetri- 

^lassy  shell,  either 
'sting  of  adorsal  and 
^^3-1  plate  united,  or 
*X4g  a  spiral. 

^^  Pieropoda  are  divided  into  t^vo  orders,  termed  Thecoso- 
'  and  Gymfwsomata ;  the  former  characterised  by  possess- 
^H  external  shell  and  an  indistinct  head  ;  the  latter  by 
K  devoid  of  a  shell,  and  by  having  a  distinct  head,  with 
*-tiachcd  to  the  neck. 

^^  Gymnosomatous  Pteropods,  in  which  there  is  no  shell, 
matter  of  course,  are  wholly  unknown  in  the  fossil  con- 
**i.  The  Thecosomatous  Pteropods,  in  which  there  is  a 
'»  are  divided  into  two  families^ — the  IfyaUida  and  Lima- 
*^,  The  latter  comprises  forms  in  which  there  is  a  small 
*■}■    shell,  which  is  sometimes  provided  wath  an  operculum  ; 

It  is  unrepresented  in  a  fossil  state.  The  former  family 
T*»ises  forms  in  which  the  shell  is  symmetrical,  straight  or 
'^d,  globular  or  needle-shaped,  and  it  is  represented  by  a 
^•derable  number  of  fossil  forms,  most  of  which  are  ex- 
^^ly  unlike  any  kno^^'n  living  oxamplos  of  the  class,  being 
1  of  comparatively  colossal  dimensions.     The  fossil  forms 


'iff.  241. — Pieropoda.     m  Ctrctldra pyramidal 
SCuvirria  columititla.    (After  Woodward) 
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Fig.  ^\a.—HyaUa  OrhigmynMa.    Miocene 
Tertiary. 


mostly  belong  to  the  genera  HyaUa,  Cuj'Uria,  Ofodora^  TkttA^ 
Pterothem^  TentacuUtes^  and  Conularia;  but  other  less  impon- 
ant  types  are  known  to  have  existed  in  past  time.  Of  the 
above-niontioned  generic  forms,  tho  ftrst  three  are  well  rw^ 
sented  at  the  present  day  by  living  forms.  The  mmainbg 
four  are  ahnost  exclusively  Palxozoic,  Conularia  alone  sunmt 
ing  into  the  earlier  portion  of  the  Mesozoic  period.  Noi  onlj 
is  this  the  case,  but  the  forms  in  question  all  commence  thar 
existence  in  the  Lower  Silurian  or  Upper  Cambrian,  and  none 
of  them  except  Conuhria  transgresses  the  upper  limit  of  ttie 
Devonian  Rocks.  Lastly,  almost  all  these  forms  are  of  com- 
paratively gigantic  size,  and  they  differ  in  many  respects  &offl 
living  forms. 

In  the  genus  Hyalea  (fig.  242)  the  shell  is  globular,  tiu^ 

lucent,  the  dorsal  plate  ex- 
tended into  a  hood ;  ihc  apo- 
ture  is  contracted,  with  a  Ui6 
ral  slit  on  each  side.  The 
fossil  species  arc  only  l;nom 
in  the  Miocene  and  PlicKoie 
Tertiary,  and  the  genus  at- 
tains Its  maximum  in  existing  seas.  CUodora  has  a  pyramidal 
shell,  and  dates  from  the  Miocene j  and  Cm^uria  (fig.  241) 
has  a  cylindrical  shell,  and  dates  from  the  Pliocene.  Bo(k 
these  genera  attain  their  maximum  at  the  present  day. 

The  genus  Tkeca  (the  Hyoiithes  of  Continental  andAmerica 
paleontologists)  comprises  a  number  of  singular  fornis  io 
which  the  shell  is  straight,  sheath- 
shaped,  tapering  to  a  point,  triangulii; 
and  destitute  of  lateral  appendag» 
(fig.  243).  The  mouth  of  the  shcB, 
is  trigonal,  sometimes  closed  by 
operculum,  sometimes  furnished 
curved  lateral  appendages.  The  Ici 
of  the  shell  is  commonly  about  an 
or  an  inch  and  a  half.  Nearly  nir 
species  of  this  genus  are  enui 
by  M.  Barrande,  distributed  in 
Upper  Cambrian,  Silurian,  and 
ian  formations,  but  not  extending  ii 
the  Carboniferous  period. 
The  genus  Ptcrothua  of  Salter  is  exclusively  Silurian,  ar 
characterised  by  having  the  '*  shell  transversely  oval,  bilol 
with  wavy  sides  and  a  strong  median  keel ;  ventral  plate  sh( 
narrow,  and  flat." 


Fiji  J-43  —  /Art"*  offTutata 
and  \x\  opercu'um.  (After  Sal- 
ter) FroiDiheTrcmadocSlacei 
(Upper  Cjimbrian  ?) 
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Fig.  344.  — (-  uHitiitria  er* 
na/a.     Devonian. 


The  genus  Comthria  is  one  of  the  most  extraordinary  of  the 

;inct  genera  of  the  Pteropods,  if  only  for  the  enormous  size 

stained  by  many  examples.     The  shape 

>f   the  shell  is  very  like  that  of  some 

iving    Pteropods,  but  specimens   occa- 

aonally  reach  the  length  of  nearly  a  foot, 

1th  a  breadth  of  more  than  an  inch. 

le   shell   in     Conuiaria   (fig.     244)   is 

light,  tapering  towards  one  end,  and 

Lvirig    a   sub-quadrate    or    rhomboiibl 

»erture  at  the  other.     The  form  of  the 

lell    is   generally  distinctly  four-sided, 

le  sides  being  finely  striated  with  trans- 

rerse  lines.     The   shell  is   generally  of 

xeme  tenuity;  but  the  internal  cavity 

sometimes   restricted    by   concentric 

lellae,  and  the  apex  may  be  partitioned 

M.  Barrande  enumerates  eighty-three 

ies  of  Conuiaria^  most  of  which  are 

laeozoic,  commencing  in  the  lowest  Silurian  deposits.     The 

lus,  however,  extends  into  the  Mesozoic  Rocks,  the  last 

species,  so  far  as  at  present  known,  appearing  in  the  hias. 

Lastly,  the  genus  Tentaculites  comprises  a  number  of  singular 

fpalieozoic  fossils,  the  tnie  position  of  which  cannot  be  said 

;to  be  absolutely  free  from  doubt.     Most  authorities  now  place 

YerUaadiies^  \\\\\\  apparently  good  reason,  in  the  Piaopixia; 

'l>ut  others  would  still  refer  this  genus  to 

llhe  Tubicolar  Annelides.     It  must  be  ad- 

litted,  also,  that  in  some  respects   Ten- 

i/iUs  approximates  pretty  closely  to  the 

inelidous  genera  Conchicolites  and   Cor- 

wJiUs.     Upon   the  whole,  however,  the 

fsnode  of  occurrence  of  Terttaaiitks  and 

its  undoubted  free  habit  of  existence  leave 

ittle   doubt   as  to   its   true  place  being 

[amongst   the   Pteropods.     The   shell   of 

TenituuIiUs  (fig.  245)  has  the  form  of  a 

^Straiglit  conical  tube,  tapering  towards  one 

extremity  to  a  pointed  closed  apex,  and 

expanding  towards  the  other  to  a  circular 

aperture.     The  walls  of  the  shell  are  thin,  and  are  surrounded 

with  numerous  thickened  rings  or  annulations,  sometimes  with 

intermediate  striae,  over  a  whole  or  part  of  the  length  of  the  lube. 

The  size  of  TtniacuHfes  varies  much  in  different  cases,  bt?ing 

sometimes  less  than  a  couple  of  lines  in  length,  and  sometimes 


Fiff.  «45-  —  TfHMruiitfi 
ornatHi.  Upper  Silurian. 
Europe  and  North  AiiicriLa. 
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attaining  a  length  of  an  inch  or  more.     Fifty-two  species  <tfj 
Tenlaatiites  are  enumerated  by  M.  Barrande,  commencingi 
the  Lower  Silurian  and  ranging  into  the  Devonian.    The  %i 
is  essentially  Silurian^  and  examples  of  some  species  oAa 
occur  in  m>Tiads  through  a  considerable  thickness  of  strau. 


CHAPTER    XXIV. 

CLASS   CEPHALOPODA. 

Class  IV.  Cephalopoda.* — The  members  of  the 
poda  are  defined  by  the  possession  o^  eig/U  or  mor^  arms 
in  a  cinie  round  the  mouih ;  the  body  is  etuiosed  in  a  m\ 
mantie-saCj  and  t^icre  are  tivo  tir  four  piuftt^-iike  gilh  unthi 
matttie.     There  is  an  anterior  tttbuiar  orifice  {Jtfu  "  injundih 
or  ^^/unticl^'),  through  which  the  effete  water  of  respire 
expelled. 

The  Cephalopoda^  comprising  the  Cuttle-fishes,  Squids.  P< 
Nautilus,  &c.,  constitute  the  most  highly  organised  of 
classes  of  the  Moliusca,  They  are  all  marine  and  camivi 
and  are  possessed  of  considerable  locomotive  powers.  At 
bottom  of  the  sea  they  can  walk  about,  Iiead  downwat 
means  of  the  arms  which  surround  the  mo\iih,  and  whi 
usually  provided  with  numerous  suckers  or  *'  acelabuli" 
are  also  enabled  to  swim,  partly  by  means  of  lateral  expaoi 
of  the  integument  or  tins  (not  always  present),  and  parti 
means  of  the  forcible  expulsion  of  water  through  the  tul 
"funnel,"  the  reaction  of  which  causes  the  animal  to  in( 
the  opposite  direction. 

The  majority  of  the  living  Cephalopoda  are  naked, 
ing  only  an  internal  skeleton,  and  this  often  a   rudinx 
one;  but  the  Argonaut  (Paper  Nautilus)  and  the  Pearly 
tilus  are  protected  with  an  externa!  shell,  though  the  nati 
this  is  extremely  dxiferent  in  the  two  forms. 

The  body  in  the  Cephalopoda  is  symmetrical,  and  is  cn< 
in  an  integument  which  may  be  regarded  as  a  nioditicatioAl 
the  manlle  of  the  other  Mollmca.  Ordinarily  there  is  a  I( 
ably  distinct  separation  of  the  body  into  an  anterior  cepl 
portion  (prosoma)^  and  a  posterior  portion,  enveloped  in 
mantle,  and  containing  the  viscera  {metasotna).  The  he 
very  distinct,  bearing  a  pair  of  large  globular  eyes,  and  ha 
the  mouth  in  its  centre.     The  mouth  is  surrounded  bya  q 
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f  eight,  ten,  or  more,  long  niuscubr  processes,  or  **arms  " 

5g.  246)*  which  are  generally  provided  n-ith  rows  of  suckers. 

ti   the  Octopod  Cuttle-fishes  there  are  only  eight  arms,  and 

ies€  are  all  nearly  alike.     In  the 

Jecapod    Cuttle-fishes  there  arc 

n  amis,  but  two  of  these — called 

tentacles"  —  are  much   longer 

kan  the  others,  and  bear  suckers 

nly  at  their  extremities,  which 

re    enlarged    and    club-shaped. 

y   the  Pearly  Nautilus  the  anus 

pe  numerous,  and  are  devoid  of 

ickers. 

)  The  parts  of  the  Cfphalopoda 

hich  may  be  presenxd  in  a  fossil 

^ndition,  and  which  thus  inte- 

fest   the  paKiiontologist,  are   the 

yandibhs^   the   ink-ba^^  and   the 

^eieiorty  whether  this  be  internal 

r  external. 

The  mandibhs  are  contained 
ithin  the  mouth  or  "  buccal 
►vity  "  of  the  animal,  and  have 
le  form  of  powerful  jaws,  work- 
ig  vertically  like  the  beak  of  a 
Ird.  They  are  homy  or  calcare- 
liSr  and  in  shape  closely  resem- 

ie  the  beak  of  a  parrot,  with  this  difference,  that  the  largest 
f  the  two  mandibles  is  placed  infcriorly.  Mandibles  of  this 
^ture  are  present  in  both  the  Cuttle-fishes  and  the  Pearly 
fautiUis,  and  they  doubtless  existed  in  all  the  extinct  forms, 
*heynol  uncommonly  ocatr  as  fossils,  hut  they  do  not  appear 
>  have  been  observed  out  of  the  Jurassic  and  Cretaceous 
Locks.    They  are  commonly  called  *'Khyncholites,'^and  genera 

Ech  as  Rhytuhoicuthis   have  been    founded  upon    them  (fig. 
^7)• 

The  mk-bitur  is  a  special  gland  possessed  by  the  Cuttle-fishes, 
(>r  the  purpose  of  secreting  an  inky  fluid,  which  the  animal  can 
tischar^c  into  the  water,  so  as  to  enable  it  to  escape  when 
Henaced  or  pursued.  The  secretion  of  the  ink-l>ag  consists  of 
inely-di\-ided  particles  of  carbon  suspended  in  fluid,  and  it  is 
Extremely  indestnictible.  The  ink-bag,  with  its  contained  se- 
cretion, is  not  uncommonly  found  in  the  fossil  condition  ;  but 
It  has  only  been  observed  in  strata  of  Secondary  age.  In  the 
Tetrabranchiate  Cephalopods,  in  which  there  is  an  external 


Jig-  346.— l.'cphaKin'.(l.i.  Sefwla 
A  tiantit'a.  one  uf  ibe  Cuttle-n»he!i 
(after  WoodwardX 
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shell,  and  this  means  of  defence  is  not  needed,  there  is  do  bk- 
bag. 

The  shell  of  the  Cephalopoda  is  sometimes  external,  soim« 
times  internal     The  internal  skeleton  is  known  as  the  "cuul^ 


Fi|{.  ^7. — RkfmhoUMthit  Aitirrituut.     Lowirr  Greenland  iL'nuceutu). 

bone,"  "  sepiostaire,"  or  "  pen  "  (gladius)^  and  may  be 
corneous  or  calcareous.  In  some  cases  it  is  rendered  compl« 
by  the  addition  of  a  chambered  portion  or  "  phragmacone.* 
which  is  to  be  regarded  as  a  visceral  skeleton  or  "splandmty- 
skeleton."  In  Sptruia  the  phragmacone  is  the  sole  iiUerail 
skeleton,  and  is  coiled  into  a  spiral,  the  coils  of  which  lie  Id 
one  plane,  and  are  near  one  another,  but  not  in  contact.  It 
thus  resembles  the  shell  of  the  Pearly  Nautilus,  but  it  is  inttr^ 
nal,  and  differs,  therefore,  entirely  frnm  the  external  shell  of  the. 
latter.  The  only  living  Cephalopodis  which  are  provided  with ; 
an  external  shell  are  the  Paper  Nautilus  (Arganauta\^t^t^ 
Pearly  Nautilus  (Nautilus  ponipilius) ;  but  not  only  is  the  5tIll^ 
ture  of  the  animal  different  in  each  of  these,  but  the  nature  oJi 
the  shell  itself  is  entirely  different  The  shell  of  the  AT^on2Utis| 
involuted,  but  is  not  divided  into  chambers,  and  it  is  secreted 
by  the  webbed  extremities  of  two  of  the  dorsal  arms  of  the! 
female.  I'he  anns  are  bent  backwards,  so  as  to  allow  ihej 
animal  to  live  in  the  shell,  but  there  is  in  reality  no  organici 
connection  between  the  shell  and  the  body  of  the  animal.  In' 
fact,  the  shell  of  the  Argonaut,  being  confined  to  the  femaJci 
and  serving  by  its  empty  apex  as  a  receptacle  for  the  ova,  may 
be  looked  upon  as  a  "nidamental  shell,"  or,  as  it  is  secreted Iqr 
a  modifted  portion  of  the  foot,  it  may  more  properly  be  rfr 
garded  as  a  "pedal  shell."  The  shell  of  the  Pearly  Nautilfl 
(fig.  24S),  on  the  other  hand,  is  a  true  pallial  shell,  and  is  se 
creted  by  the  body  of  the  animal,  to  which  it  is  organicallj 
connected.  It  is  involuted,  but  it  differs  from  the  shell  of  th( 
Argonaut  in  being  divided  into  a  scries  of  chambers  by  shdl] 
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tidons  or  septa,  which  are  pierced  by  a  tube  or  "siphuncle," 

animal  itself  living  in  the  last  chamber  only  of  the  shelL 
The  Cephahpoda  are  divided  into  two  extremely  distinct  and 
1-marked  orders,  termed  the  Dibranchiata  and  Tdrabratt- 
Ua.  The  former  is  characterised  by  the  possession  of  two 
5  only,  and  by  the  fact  that  the  shell,  if  external  (as  it  very 
:ly  is),  is  never  chambered.     In  this  order  are  comprised 

living  Cuttle-fishes,  Squids,  and  Paper  Nautilus,  with  the 
met  family  of  the  Bdimniddis.  The  latter  is  distinguished 
the  presence  of  four  gills,  and  by  the  possession  of  an  exter- 

many-chambered  shell.  This  order  is  abundantly  repre- 
led  in  past  time,  but  has  no  other  living  representative  than 

Pearly  Nautilus  alone.  The  following  table  gives  the  char- 
»rs  and  leading  genera  of  the  families  of  Cephalopoda  :■ — 


I 


Synopsis  of  the  Families  of^he  Cephalopoda. 
Class  Ckphalopuda. 


»ER  I.    DiBKA.NCHIATA, 

IAnintal  witli  two  lininchia; ;  not  more  than  eight  or  ten  arms, 
provi<lcd  with  suckers ;  an  ink-bag     Shell  commonly  internal  and 
rudimentary  ;  rarely  external,  but  nut  chambered. 
ecnON  A.    OCTOPODA. 

»Arms  eight,  snckers  sessile, 
Fam.  I.  Argotmutidtr. 
Female  provided  with  a  calcareous,  external,  monothalamous 
shell,  secreted  by  the  webbed  extremities  of  two  of  the  dorsal 
arms.     Gen.  Argonauta, 

>Fam.  2.  Octopodidig. 
Shell  internal,  rudimentary,  uncalcified.      No  pallial  fins  in 
mokU     IIL  Gen.  Octopus^  TraHOt-toptu^  Bl€do$Ut  PinnthtvpHS, 
ACTION  B.  DkCAPUUA. 

>Arms  eighty  with  twodavate  '*  tenla<Us  ;"  suckers  pedunculated. 
Fam.  3.  Teuthida. 
Shell  an  internal  homy  "pen"  or  "gladius."     Fins  mostly 
terminal.     III.  Gen.  Letigo,  OuycAoteuthis,  Ommastrephes. 
Fam,  4.  Selemnitidee, 

I  Shell   internal,    composed    of  a   conical    chambered    portion 

(*' phragmacone*')  witli  a  marginal  siphuncle,   produced  into  a 
homy   plate  or    "pen,"    and    lodged   in  a   cylindrical    fibrous 
"guara."     111.  Gen.  Bdemnites^  BelemniteHa^  Bekmn&t^tthls. 
Fam.  5.  Sfpiado'. 
Shell  calcareous,  consisting  of  a  broad,  laminar  plate,  termi- 
nating in  an  imperfectly -chambered  apex  {"  phragniacone").    111. 
Gen.  Sepitjy  Bdoptera^  Spindirostra. 
Fam.  6.  SpiruJida:, 

Shell   internal,  nacreous,  chambered,   discoitlal ;    the  whorls 
separate  ;  a  ventral  siphuncle.     Gen.  Spirula, 
>KR  II.  Tktrabranchiata. 

Animal  with  fuur  gills  ;  arms  more  than  ten,  without  suckers  ; 
no  ink-bag ;  shell  external,  chambered,  and  ^iphuncled. 
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Fam.  I.  NautilUtt, 

Sutures  of  the  shell  simple  ;  the  siphurcle  central,  sob-cttUitL 
or  near  the  conca^nty  of  the  curved  shells,  simple. 
Suih/amify  Nautilida  proptr. 

Body-chamber  capacioas ;  aperture  ^mple  t  alphnctt 
ccntml  or  internal.     111.  Gen.  Nantitms,  LiftiUa,  7f 
ctTas, 
Sub-family  Orthc<eratida. 

Shell    straight,    ciin'cd,   or    dlscoidal  ;    body- 
small  ;  aperture  contracted ;  !>iphuncle  complicalcd. 
Gen.  Orfhoceras^  PhragtiMccrus,  Cyrioctras. 
Fam.  2.   Amtiionitida. 

Shell   discoidal,    curved,  spiral,   or  straight  ;   bodj 
elongated ;  aperture  guarded  by  processes,  or  closed  \sf  i 
culmn  ;  sutures  angulated,  lobed,  or foHaceous  ;  siphunoct 
or  dorsal  (on  the  convex  side  of  the  cun'cd  shclUl.    Ill  *j 
Amnwttites^Cerafites^  BaculUes^  TurrUUes^  ScaJ>AiUs^  Amylin 

As  regards  their  geneiral  distribution  in  time,  the  CepI 
pods  are  largely  represenjed  in  all  the  primary  groups  of  si 
fied  rocks  from  the  Lower  SiUirian  up  to  the  present  day. 
the  two  orders  of  Cephahpoda^  the  Tcirabranchiata  is  ihcoMi:? 
attaining  its  maximum  in  the  Palaeozoic  period,  decreasing  12 
the  MesozoJc  and  Kainozoic  epochs,  and  being  represented  i 
the  present  day  by  the  single  form,  Nautiius  pompiiius.    Of !_ 
sections  of  this  order,  the  Nautilida  proper  and  the  Orthoat' 
aiidiz  are  pre-eminently  Pahxozoic,  and  the  Amrmmiiida  arc 
not  only  pre-eniinently  but  are  almost  exclusively  Secondary. 
Of  the  alnmdance  of  the  two  former  families  in  the  Silurij 
seas  some  itlea  may  be  obtained  when  it  is  menrioned  that 
a  thousand  species  have  been  described  by  M.  Barrandc 
the  Silurian  basin  of  Bohemia  alone.   The^aufi/ida:  proper  i 
gradually  decreased  in  numbers  from  the   Palaeozoic,  tl 
the  Secondary  and  Tertiary  periods,  to  the  present  day. 
Orthoc€ratid(s  died  out  much  sooner,  being  exclusively  Pa 
zoic,  with  the  exception  of  the  genera  Orthoctras  itsdf 
Cyrtoccras^  which  survived  into  the  commencement  of  the- 
condary  period,  finally  dying  out  in  the  Trias. 

The  second  family  of  the  Tdrabratuhiata- — viz.,  the  Ai 
$ntid<t — is  almost  exclusively  Secondary,  being  very  largdy! 
presented  by  numerous  species  of  the  geiiera  Ammotiita^ 
iitcs,  BacuUifs^  Turrilitcs,  &c.     The  only  Palfeozoic  general 
GoniatiUs  Vin6.  BacfriUs^  of  which  the  former  is  found  from 
Upper  Silurian  to  the  Trias,  whilst  the   latter  is  a  Silui 
and  Devonian  form.     The  genus  Ceifititcs  is  charactt 
Triassic,  but  it  is  said  to  occur  in  the  Devonian  Rocks, 
some  species  are  Cretaceous.     All  the  remaining  genera 
exclusively  Secondary,  the  genera  Baaditcs^  TurriPiUs^  Hsm 
and  Piychoccras  being  confined  to  the  Cretaceous  period 
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Of  the  Dibranchiate  Cephalopods  the  record  is  less  perfect, 
AS  they  have  few  structures  which  are  capable  of  preservation. 
They  attain  their  maximum,  as  fossils,  shortly  after  their  first 
appearance  in  the  Secondar)'  Rocks,  where  they  are  represented 
l>y  the  large  and  important  family  of  the  Lklnnnitidi£,  Some 
©f  the  Teuf/tUii  and  Sepuuiic  are  found  both  in  the  Secondary 
and  in  the  Tertiary  Rocks,  and  two  species  of  Argonaut  have 
been  discovered  in  the  later  Tertiaries.  No  example  of  a  Di- 
branchiate Cephalopod  is  known  from  the  Pala;ozoic  dei>osits, 
And  the  order  attains  its  maximum  at  the  present  day. 

■kf  E  Tetrabranchiate  Cephalopods  are  characterised  by  being 
^tephig  animals^ protecUti  by  an  external^  many-chambaid  shelly 
the  septa  betiv(€7i  the  chambers  of  which  are perforaUd  by  a  mem- 
bramyus  or  eaicareous  tube^  termed  the  *^  siphimete"  The  arms 
arc  numerous^  and  are  devoid  of  suekas ;  the  branchuz  are  Jour 
in  number^  troo  on  each  side  of  the  body ;  the  funnel  does  not  form 
a  complete  tube;  and  there  is  no  ink-bag. 

The  Tetrabranchiate  Cephalopods  have  an  enormous  de- 
velopment in  past  time,  several  thousand  species,  mostly 
belonging  to  extinct  types,  being  known  from  the  Palaeozoic 
Rocks  alone.  In  the  Mesozoic  Rocks  the  members  of  this 
order  were  almost  equally  abuntbnt.  In  the  Tertiary  Rocks 
the  order  is  reduced  to  the  single  genus  NautUus^  represented 
at  the  present  day  by  the  single  species  Nauiiius  pompi/ius 
(the  Pearly  Nautilus),  The  pala^ontological  importance  of  this 
order  being  so  great,  it  may  be  as  well  to  preface  the  account 
of  the  extinct  fttrms  by  a  short  description  of  the  structure  of 
the  living  Nautiius  pompiliusy  as  described  by  Professor  Owen, 
from  the  only  perfect  specimen  which  has  as  yet  been  obtained. 
The  soft  structures  in  the  Pearly  Nautilus  may  be  divided 
Into  a  posterior,  soft,  membranous  mass  {mdasomd)^  containing 
the  viscera,  and  an  anterior  muscular  division,  comprising  the 
bead  {prosoma)\  the  whole  being  contained  in  the  outermost, 
capacious  chamber  (the  body<hamber)  of  the  shell,  from  which 
the  head  can  be  protruded  at  will.  The  shell  itself  (fig.  248) 
is  involuted  and  many-chanibercd,  the  animal  being  contained 
successively  in  each  chamber,  and  retiring  from  it  as  its  size 
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becomes  sufficiently  great  to  necessitate  the  acquisition  of  more 
room.  Each  chamber,  as  the  animal  retires  from  it,  is  walled 
off  by  a  curved,  nacreous  septum;  the  communication  betweco 
the  chambers  being  still  kept  up  by  a  membranous  tube  or 
siphuncle,  which  opens  at  one  extremity  into  the  pcri< 


Fig.  3^8.— Pearly  Nautiliis(A'tf«^7Kj>)tfm/f/iM).     a  MAolk  ;  A  lit  danalCold: 
c  Hood  :  v  Eye  i  t  TcnUcIc*  ;y  Kiinncl. 

and  is  continued  throiiprh  the  entire  length  of  the  shell    The 
position  of  the  siphuncle  is  in  the  centre  of  each  sepmm. 

Posteriorly  the  mantle  of  the  Nautilus  is  very  thin,  but  it 
much  thicker  in  front,  and  forms  a  thick  fold  or  collar 
rounding  the  head  and  its  appendages.  From  the  sides  of  i 
head  spring  a  great  number  of  muscular  prehensile  procesKS 
or  "  arms,"  which  areannulalcd,  but  are  not  provided  with  cups 
or  suckers.  In  the  centre  of  the  head  is  the  mouth,  surrounded 
by  a  circular  fleshy  Up,  external  to  which  is  a  series  of  labioi 
processes.  The  mouth  opens  into  a  buccal  cavity,  armed  litfc 
two  horny  mandibles,  partially  calcified  towards  their  extren*- 
ties,  and  shaped  like  the  beak  of  a  parrot,  except  that  the  undtf 
mandible  is  the  longest  There  is  also  a  **  tongue/*  which  ii 
fleshy  and  sentient  in  front,  but  is  armed  with  recurved  t< 
behind.  The  gullet  opens  into  a  large  crop,  which  in 
conducts  to  a  gizzard,  and  the  intestine  terminates  at  the 
of  the  funnel.  On  each  side  of  the  crop  is  a  well-devt 
liver. 

The  heart  is  contained  in  a  large  cavity,  divided  intost 
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chambers,  and  teimed  the  "pericardium"  (Owen).  The  re- 
spiratory organs  are  m  the  form  of  four  pyramidal  branchise, 
two  OQ  each  side. 

The  chief  masses  of  the  nervous  system  are  the  cerebral  and 
infra-oesophageal  ganglia,  which  are  partially  protected  by  a 
cartilaginous  plate,  which  is  to  be  regarded  as  a  rudimentary 
cranium,  and  which  sends  out  processes  for  the  attachment  of 
muscles.  The  organs  of  sense  are  two  large  eyes,  attached  by 
short  stalks  to  the  sides  of  the  head,  and  two  hollow  plicated 
sulHJcular  processes,  beheved  to  be  olfactory  in  their  function. 
I  The  reproductive  organs  of  the  female  consist  of  an  ovary, 
oriduct,  and  accessor)'  nidamental  gland. 

There  is  no  ink-bag,  and  the  funnel  does  not  form  a  com- 

picte  tube,  but  consists  of  two  muscular  lobes,  which  are  simply 

'  m apposition.     It  is  the  organ  by  which  swimming  is  effected, 

'  the  animal  being  propelled  through  the  water  by  means  of  the 

^  reaction  produced  by   the  successive  jets  emitted  from  the 

J  fimneL    The  function  of  the  chambers  of  the  shell  appears  to 

)  be  that  of  reducing  the  specific  gravity  of  the  animal  to  near 

ihai  of  the  surrounding  water,  since  they  are  probably  filled 

with  some  gas  secreted  by  the  animal,  or  with  water  itself.    The 

function  of  the  siphuncle  is  unknown,  except  in  so  far  as  it 

doulitless  ser\'es  to  maintain  the  vitality  of  the  shell. 

Shell  or  the  TrntAnRANCHiATA, — The  shells  of  all  the 
Tftrjbra/uMiUa  agree  in  the  following  points  : — 

1.  The  shell  is  external. 

2.  The  shell  is  divided  into  a  series  of  chambers  by  plates 
or "  septa,"  the  edges  of  which,  where  they  appear  on  the  shell, 
are  termed  the  "sutures,** 

3.  The  outermost  chamber  of  the  shell  is  the  largest,  and  is 
one  inhabited  by  the  animal. 

The  various  chambers  of  ihe  shell  are  united  by  a  tube, 
cd  the  "  siphuncle." 
eeing  in  all  these  fundamental  points  of  structure,  two 
distinct  tj-pes  of  shell  may  be  distinguished  as  charac- 
:c  of  the  two  families  Nautilidff  and  Ammonitidic,  into 
the  order  Tdrahranchitita  is  divided, 
the  family  Xauti/iJts  (fig.  249),  the  *' septa"  of  the  shell 
simple,  curved,  or  slightly  lobed  ;  the  **  sutures  "  are  more 
completely  plain  ;  and  the  "  siphuncle  "  is  central,  sub- 
eeniraJ,  or  internal  (;>.,  on  thec^jw^rrsidcof  the  curved  shells), 
Id  the  family  Ammonitidcc  (fig.  349),  on  the  other  hand,  the 
septa  are  folded  and  complex;  the  sutures  are  angulated,  zig- 
a%y  lobed,  or  foliaceous  ;  and  the  siphuncle  is  external  (i>., 
.00  the  (oni>€x  side  of  the  curved  shells). 
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In  both  these  great  types  of  shell,  a  scries  of  reprcscnlaiii-e 
forms  exists,  resembling  each  other  in  the  manner  in  which  ihc 
shell  is  folded  or  coiled,  but  differing  in  their  funiiunenul 
stnicture.  All  these  different  forms  may  be  looked  upon  u 
produced  by  the  modification  of  a  greatly-elongated  cone,  the 
structure  of  which  may  be  in  conformity  with  the  type  cithnrf 
the  Niiuti/Uite  or  of  the  AtnmoniiUiie.  The  following  tible 
(after  Woodward)  exhibits  some  of  the  representative  forms  in 
the  two  families  : — 

Shell  straight     ....  Orthoceras .  .  Baculites. 

„  bent  on  itself     ,     .  Ascoceras    .  .  Ptychoceni 

„  curved     ....  Cyrtoceras  .  .  Toxoceras. 

„  spiral Trochoceras  .  Turrilitcs. 

„  discoidal  ....  G>Toceras    .  .  Crioccras. 

„  discoidal  and  produced  Lituites  .     .  ,  Ancylocerai 

„  involute    ....  Nautilus .     .  .  Ammonites. 

.0  .0  .0  .'  Q  ,0 


F%:  949. — Diagmm  to  illmtrale  Uie  po»ilion  of  the  «ipliunc1c  and  the  form  of  the : 
in  various  Tetrabnuichiatc  Ceph^opoun.    The  upper  row  of  li{un:&  rcprctcnu  ituiti 
MCtions  of  the  shells  the  lower  row  represents  the  Cilscs  of  the  s^(a>    a»  Atm 
BacMlite;  bbCtmtiUi  cc Goniaiite ;  ddCtjmtHtu;  e*  SautiiKX ax Orthmjma, 


Distribution  of  Tetradranchiata  in  Time. — R< 

as  a  whole,  the  Tetrabranchiate  Cephalopods  form  a  group' 
which  early  attained  its  maximum,  and  which  is  now  almost 
extinct.  Th'j  greatest  development,  in  point  of  numliers,  took 
place  in  the  Palaiozoic  ptriod  ;  .ind  the  forms  then  existing 
belonged  to  decidedly  simpler  types  than  those  which  followed 
them.  The  greatest  number  oi  typ^s  existed  during  the  Mew- 
zoic  period  ;  and  here  the  order  still  maintained  a  great  abun- 
dance of  individuals.  With  the  close  of  the  Secondary  epoch 
a  large  number  of  complex  types  disappeared  wholly,  and  the 
order  was  left  without  any  representative  in  the  Tertiary  Rocks 
except  the  simple  and  ancient  genus  Natdilus, 


NAUTILID-/E. 
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As  regards  the  two  great  sections  of  the  order,  the  Nautt" 
dte  are  the  most  ancient,  dating  their  existence  from  the 
ower  Silurian,  if  not  from  the  Upper  Cambrian.     Not  only 

this  the  case,  but  they  are  pre-eminently  Talaeozoic,  very  few 
mns  surviving  into  the  Secondary  period,  and  only  one  into 

e  Tertiary.     The  Ammonitida^  on  the  other  hand,  are  pre- 

ttinently  Mesozoic,  and  no  member  of  this  group  is  known 

have  sur\'ivcd  into  the  Kaino/.oic   period.     1his  group, 

Owever,  is  represented  by  two  comparatively  simple  lyi^es  in 

le  Palaeozoic  period,  commencing  their  existence  from  the 

Uurian. 

In  the  following  are  given  the  characters  and  distribution  in 
e  of  the  leading  forms  of  the  Tctrabranchiate   Cephalo- 


Nautilidje. 

Fam.  I.  Xautilid.t,. — Sttturcs cf  the shtU simpU ;  thesiphunde 
iple^  UTitrai^   sub-central^  or  near  the  eoncavity  of  the  euried 

Sub-family  i.  Nautilid^  pKOPEk. — Body-chamber  capa- 

ous;  aperture  of  the  shelf  simple;  siphuncle  central  or  in- 

Kmal.     The  genera  of  this  sub-family  are  'Nautilus^  Lituites^ 

Trochoceras^  and   Ciymenia ;  of  which  the  last  three  are  ex- 

iusively   Palieozoic,  wlulst  the  first  ranges   through  alt   the 

t  formations  from  the  Silurian  upwards,  and  is  represented 

the  present  day  by  the  Pearly  Nautilus. 

In  the  genus  Nauti/us  (fig.  250)  the  shell  is  involute  or  dis- 

idal,  consisting  of  a  few  whorls  coiled  into  a  flat  spiral.    The 


Tig.  7So.—yaHti/Mi  Danicut.     Upper  CrcUtcou*  (''Danico  "  of  D'Orbigny). 

wiy-chamber  is  of  large  size,  and  the  siphuncle  is  central,  or 
ly  so.     The  genus  Nautilus  ranges  from  the  Upper  Silu- 
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Fig.  851 


Lower  SUurUn. 


rian  to  the  present  day,  having  its  maximum  of  drvcfc 
in  the  Carboniferous  period.     The  Palaeozoic  forms  are 

dtscoidal,  having  the  whoi 
or  less  completely  ex 
Al/////// of  lalerdeposilsa: 
like  the  living  species  in 
each  whorl  overlapping 
ceding,  so  that  merely  an 
bilicus  "  is  visible,    Man)) 
extinct   forms,   belongin; 
ages,  a^ee  with  the  livi 
ilus  in  having  the  surfai 
smooth      ( Lirrigati ). 
which   are  especially 
istic  of  the  Jurassic  R 
the     surface    striated    ( 
Others,    chiefly    of   CY 
age,  have  the  surface  marked  by  distinct  ribs  (Jiadiali 
In  the  U[)per  Silurian  and  Devonian  Kocks  Nautili 
in  the  Carboniferous,  many  species  are  known;  in  the  fi 

Kocks   and   tS 
but  few  species^ 
Jurassic  and  Cro 
Rocks  h.3ve  fk 
considerable    \ 
I  Jistly,  several  \ 
s|)ecies  are  kn^ 
of  which  agree 
\\\\Ti%  Nautilus^ 
in  having  the 
completely  sjn 
In  the  genus 
(fig.  251)  theslj 
first  coiled  di 
with    close   or 
nected  whorls 
last    chamber 
duced   into  a 
or  slighlly-ai 
Thesi[>hMnclei|[ 
in  the  cenlreofflj 
of  the  shell.    . 
known  species  of  IJhiiifs  are  confined  to  the  Silurian 
tion  ;  but  some  occur  in  deposits  the  age  of  which 
bably  Upper  Cambrian. 


Fig.  252 


'iymfttin  Snirunikti. 
lower  fiKurc  shows  the  form  of  the  suture- 


t  Traehoceras  is  one  which  was  founded  by  M. 
include  certain  singxilar  Silurian  Cc])Iialoi)0(Js  in 
iell  is  doubly  cuncd.  In  the  typical  forms — 
I  with  Turrilites  amongst  the  Ammonitidit — the 
shell  are  in  contact  and  pass  obliquely  round  a 
so  that  the  shell  becomes  turreted.  In  other 
er,  the  shells  are  simply  bent,  and  we  have  an 
he  genus  Cyrtoccras. 

us  Clymenia  (fig.  252)  the  shell  is  discoidal,  coiled 
)iral,  and  closely  resembling  some  of  the  older 
V/////J-.  The  inner  side  of  each  whort  is  deeply 
r  the  reception  of  the  convexity  of  the  internal 
septa  are  simple,  like  those  of  Nauti/tts,  or  are 
1,  and  the  siphuncle  is  ifitema/,  placed  on  the 
of  the  whorls.  Numerous  species  of  Clymenia  are 
elonging  to  the  Devonian  period  ;  and  some  of 
jvonian  limestones  of 
so  profusely  charged 
'this  genus  as  to  have 
lame  of  *'  Clymenien- 


LV  2.  Orthocrrat- 
slraight,  curved,  or 
xiy- chamber  small; 
he  shell  small,  some- 
ely  contracted ;  siph- 
cated.  The  Ortho- 
nence  in  the  lowest 
sits,  and  attain  their 
development  in  the 
s.  The  family  is  well 
n  the  Devonian  and 
»  Rocks,  but  is  much 
lumbers  in  the  Per- 
ast  appearance  of  the 
the  Triassic  Rocks, 
represented  by  the 
ceras  and  Cyrioceras. 
fcnera  of  this  sub- 
Ort/wccraSf  Gompho- 
*moceras^  Cyrioceras^ 
d  Ascoceras, 


turn.    Lower  Silururt. 


ft^ium.  Lower  Silururt.  Thelowtr 
fiijure  i«  a  KCiion,  showing  ihe  form 
and  position  of  the  si^liiuu.'lc. 


US  OrthiHeran  (fig.  253)  the  shell  is  straight,  the 
itral  or  excentric,  often  of  a  very  complex  struc- 
iperture  of  the  shell  sometimes  contracted. .  TTic 


J 
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Ofihoccrata  are  pre-eminently  fossils  of  the  SilunaTi,  Devooiai 
and  Carboniferous  Rocks.  They  are,  however,  found  in  th 
Peruvians,  and,  passing  into  the  Meso^oic  series,  ihey  mak 
their  last  appearance  near  the  summit  of  the  Tria&sic  Rods 
They  sometimes  attained  an  enormous  size,  occasionally  o 
ceeding  six  feet  in  length,  with  a  diameter  of  more  than  a  (ool 
Some  idea  of  llie  vast  numbers  of  these  Cephalopods  in  (bi 
Paleozoic  seas  may  be  oluained  from  the  statement  thai  M 
Karrande  enumerates  more  than  five  hundred  species  as  occur 
ring  in  the  small  Silurian  basin  of  Bohemia  alone.  Thf 
numerous  species  of  Oiihoccras  are  divided  by  the  abort- 
namLtl  tlistinguished  palaeontologist  into  two  principal  secboof 
—  tlie  Short-coned  Orthoceratites,  and  the  Long<oned  Oitb^ 
ceratites^according  as  the  shell  has  the  form  of  a  short  cor 
with  a  large  apical  angle,  or  of  a  prolonged  cone  with  a  snil 
apical  angle.  'I'he  first  of  these  groups  is  a  very  small  OQe,iW 
almost  all  the  more  common  forms  come  into  the  second gicN^ 
The  nature  of  the  siphuncle  is  very  different  in  ditfotf 
OrthiH€rahty  and  more  or  less  well  marked  sub-genera  law 
been  founded  upon  the  characters  of  this  structure.  In  " 
sub-genus  Huroiiia  the  siphuncle  is  of  very  large  size, 
joint  lieing  cylindrical  below  but  inflated  above,  the 
walls  of  the  siphuncle  being  connected  with  an  internal 

tube  by  radiating  plates.     In  the 

termed  Cochlmti  the  siphuncle 
of  a  succession  of  spheroidal 
joints.     In  the  subgenus  Emioffru 
siphuncle   is   very  large,   marginal 
centric,  or  central,  and  it  is  parti 
off  by  funnel-shaped  diaphragms. 
is,  however,   considerable  diffemw 
opinion   as   to   the   true  nature  o^ 
siphuncle  in  this  sub-genus, 
the  sub-genus  Gonwcaas  the 
section  of  the  shell  is  flattened,  and' 
sutures  are  undulated. 

The  genus  Cyri&c^ras  (fig. 
closely   resembles    Orthoceras^ 
shell  is  curved  instead  of  being 
and  the  siphuncle  is  either  su 
or  is  more  commonly  internal— i' 
the  concave  side  of  the  shell.     Cyrtoccras  has  about  th* 
vertical  range  as  Orthoceras,  ranging  from  the  Silurian  d 
all  the  PaUeozoic  formations,  and  disappearing  in  the 
The  genus  is  characteristically  Silurian,  and  M.  Banaw. 


darni    (liilling^).       Lower 
SUuriiui. 


% 
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ibed  nearly  two  hundred  and  fifty  species  from  rocVs  of 
age  in  Bohemia. 


np  9^-~/'AtnKg^mi>i-i^nts (C^m/uliiri)  vrntricamt.     Upper  Silurian.     The  rij^Sl- 
hand  figure  shows  Um  form  of  the  aperture 

In  the  genus  Phrapnoceras  " "*"  "  '  "■ 

?•  255)  'he  shell  is  curved, 
its  aperture  is  contracted 
the    most    extraordinary 
ler  in  the  middle,  so  as 
assume   somewhat  of  the 
of  a   keyhole.      The 
le  in  the  majority  of 
is  placed  upon  the  con- 
vtt  «de  of  the  shell.     In 
cases,  the  ventral  side 
the   Mollusc   corresponds 
th  the  convex  side  of  the 
Thespfcles  o^  Phmg- 
are  Silurian  and  De- 
ilan,    mainly  the  former ; 
M.  Barrande  enumerates 
liny-eight  species  as  occur- 
in  the  Silurian  basin  of 
lemia. 

In  the  genus  Gomphoceras^ 
shell  is  spindle-shaped,  or 
lar,  tapering  towards  its 
The  aperture  is  con- 
fd  in  the  middle,  like  that  of  Phrapnocerns,  and  the 
luncle  is  generally  sub<entral.     In  most  cases  the  ventral 


Fig.  9t6k — Autt-'ftu  CattadfftsU  (Kil- 
lin^},  utowinic  the  form  of  the  septa. 
Lower  Silurian. 
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side  of  the  shell  is  relatively  the  most  convex,  but  the  rcvcne 
of  this  somelimes  occurs.  The  species  of  6^i»w/^t»n^i7jrange 
from  the  Silurian  to  the  Carboniferous,  but  belong  mainly  lo 
the  former.  M.  Barrande  enumerates  no  less  than  icveniy- 
three  species  as  occurring  in  the  Silurian  Rocks  of  Bohemia. 

The  genus  Ascoccras  (fig.  256)  comprises  some  singular  foran 
in  which  the  shell  is  globular  or  flask-shaped,  and  the  sepia 
not  run  at  right  angles  to  the  axis  of  the  shell,  but  n 
parallel  with  it,  being  at  the  same  lime  curved  in  an 
ordinar)-^  manner.     Tlie  air-chambers  also  are  restricted 
portion  only  of  the  shell.    In  AphragmiUs  the  air-clianibcR 
not  persistent.     Both  these  genera  are  exclusively  confined 
the  Silurian  Rocks,  abounding  chiefly  in  the  upper  diviaioD 
the  series. 

Lastly,  in  the  genus  Gyroceras  the  shell  is  coiled  intoafii: 
spiral^  the  volutions  of  which  are  not  contiguous.  The  siphunde 
is  excentric  This  genus  is,  perhaps,  hardly  separated  from 
Lituites  by  any  sufficiently  good  characters.  The  species  of 
the  genus  are  mainly  Upper  Silurian  and  Devonian. 

Ammonitid.^. 

Fam.  II.  Ammonitid.e. — Shell  discoidaly  curved,  spiral,  cr 
straight;  body-chamber  dougattd :  aperture  guarded  by  procaut^ 
or  closed  by  an  opcradum;  stUures  angulattd^  loled^  or/oiiaeems; 
siphunde  exterttal  or  dorsal^  on  the  convex  side  0/  the  cunr.' 

The  chief  point  by  which  the  Ammonitida  are  distii.. 
from  the  Nauiilida  is  the  nature  of  the  septa  between  :  .^  a:- 
chambers.  The  latter  have  septa  which  are  simply  tiir>^i, 
and  which  consequently  exhibit  plain  or  very  slightly  lobed  ^ 
edges  or  sutures.  In  the  Ammonitida,  on  the  other  hand,  the 
septa  are  "  neariy  flat  in  the  middle,  and  folded  round  die 
edge  (like  a  shirt-friU),  where  they  abut  against  the  outen»hdl« 
wall"  (Woodward).  The  result  of  this  is  that  the  *'suuiTes* 
or  edges  of  the  septa  appear  on  the  surface  of  the  shell  in  the 
form  of  angulated,  lobed,  or  foliaceous  lines  (fig.  257). 

The  angulated  or  digitated  portions  of  the  suture,  whichaw 
directed  inwards,  away  from  the  mouth  of  the  shell,  are  called 
the   ^^  lobes."     The   elevations   between   the   "lobes,' 
point  towards  the  mouth  of  the  shell,  are  called  the  ** . 
These  parts  have  the  following  anangement  (fig.  257); — 1ft ■ 
the  middle  of  the  back  or  convex  surface  of  the  shell,  l», 
versed  by  the  siphunde,  is  a  single  unpaired  lobe  which  iii 
tenned  the  "dorsal  lobe"  (D).     The  lobe  on  each  side  of  ihit; 
is  the  '*  lateral-superior "  lobe  (L).    The  lobe  next  to  tUMi 


the  *'  laleral-inferior "  lobe ;  and  the  lobes  which 
i  (of  a  variable  number)  are  the  "auxiliary  '  lobes 
.',  A*).  Lastly,  there  is  a  second  unpaired  lobe  im- 
oppositc  to  the  dorsal  lobe,  placed  upon  the  con- 
of  the  shell,  and  termed  the  "  ventral  "  lobe.  The 
*  are  similarly  subdivided.  Between  the  dorsal  and 
•erior  lobes  comes  the  "dorsal  saddle"  {SD).  Next 
'tween  the  superior-lateral  and  inferior-lateral  lobes 
the  '* lateral  saddle"  (SL)  on  each  side;  and  this 
d   by  a  variable   number  of  *' auxiliary   saddles" 


Inc-hair  of  the  RUtiire  nf  AmtmoniUt  TmrUiL  D,  Donnl  Inbc,  travcncd 
Ic  ;  L,  Lateral- •»!« rial  lube  ;  E,  Laleral-inr«nor  )obc  :  A^,  A3,  A',  A',  Aux- 
iD,  Dorwi  Mddlc  ;  SL.  Laicral  saddle  ;  S',  S»,  S«.  S<,  Auxiliarj-  SAddlcs. 

!rture  of  the  shell  in  the  Ammonitida  is  commonly 
ft-ith  lateral  processes  of  greater  or  less  length  ;  and 
f  not  in  all  cases,  it  was  further  protected  by  a  homy 
►perculum.  Sometimes  the  operculum  consists  of  a 
;e :  but  in  other  cases  it  is  divided  into  two  sym- 
alvcs  by  a  straight  median  suture.     The  opcrcuJa  of 

kind  were  originally  described  as  separate  fossils, 

name  of  Tri^oneilites. 

rds  the  general  distribution  in  time  of  the  Ammon- 

earliest-known  forms  of  the  group  appear  in  the 
.ocks ;  the  genus  BadriUs  in  the  Lower  Silurian, 
Uites  in  the  Upper  Silurian.  No  other  Palaeozoic 
le  group  are  known  ;  but  with  the  commencement 
sozoic  period  begins  an  era  in  which  an  enormous 
!nt  of  the  AmmonitidcR  took  place.  The  genus 
is  characteristically  Triassic.  The  Jurassic  Rocks 
'  distinguished  by  species  of  the  genus  Ammoniics 
igh  other  generic  types  are  not  wanting.  Lastly,  in 
€0us  Kocks  we  ftnd,  along  with  Ammt^rtiies  proper, 
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several  remarlcable  forms,  such  as  TurrilUes^  Bacu/Ua,  Htumla, 
Sca/^/n'ffs,  and  Ptychoceras,  With  the  close  of  the  Crcticeoo 
period  the  Ammuniiuiis  disappeared  altogether,  and  do  a- 
ample  of  this  large  and  varied  family  has  as  yet  been  deteool 
in  the  Tertiaries,  or  is  known  to  exist  in  Recent  seas. 

Genera  of  Ammonitid.c 

• 

The  genus  GoniatiUs  (fig.  25S)  comprises  ancient  fonnsi/ 
the  Ammonitidse,  in  which  the  shell  is  discoidal ;  the  sutura 
are  simply  lobed  or  angiilated :  aod 
the  siphunclc  is  dorsal.  The  cariitft- 
known  fonns  of  this  genus  are  fcnio^ 
in  the  Upper  Silurian  Rocks,  ihclaa 
in  the  Trias,  and  the  most  in  theO 
boniferous. 

'J'he  genus  Bactrites  comprises fonis 
quite  similar  to  GoniaiiUs^  except  ifaal 
the  shell,  instead  of  being  rolled  up,i> 
straight.  The  genus  represmts  Oiikt 
ceraSf   from    which    it    diBfers   in  tk 


Fig.  Q$^—GcHi>i/ifet  iA^Ht'des)  y<*$t*r.    Carbon iferoutw 

possession  of  lobed  septa,  and  in  the  position  of  the  spl^ 
uncle.     The  known  species  range  from  the  Lower  Siluriati  W 
the  Devonian. 
The  genus  Ceratiks  (fig.  259)  comprises  forms  which  r^ 


AMMONITIDyE. 


id 


ible  Gonialiies  in  having  a  discoidal  shell,  the  coils  of  which 
in  one  plane  and  are  contiguous.  It  is  distinguished,  how- 
r,  from  Gcniatites  on  the  one  hand  and  Ammottiies  on  the 
hy  haWng  the  _,.— — ^^ 

i "  of  the  suture       ^^  ^^' 
iticuhted  or  cren-       ^^ 
lic<i,      whilst      the 
'ttddles  "  are  simply 
ided.  The  species 
Oraiiies  are  lypi- 
llyTriassic.thcbcst- 
»wn  form  being  the 
nodosus     of    the 
:helJcalk.     Some 
s,  however,  oc- 
the  Cretaceous 
:s,     though     no 
iber  of  the  genus 
as  yet  been  de- 
ted  in  the  intervening  Jurassic  deposits. 

le  genus  Ammonites  comprises  by  far  the  greater  number 

the  Ammoniiidiz^  over  five  hundred  species  being  already 

"Mrn.     The  shell  in  Ammonites  is  spirally  rolled  up  into  a 

9ffsiXj  all  the  volutions  of  which   are   contiguous  (figs. 


Fig.  ^yi.—'CfrnlUti  HMfAtus. 

(Middle  Tnos). 


Mu''C»clkalk 


Fig,  tfo.-~-Amm£'mitfj  f/tim/^f^natiiu.     Inferiur  Oolile. 

j6o,  261).  The  innermost  whorls  of  the  shell  are  more  or  less 
concealed;  the  septa  arc  undulated;  the  sutures  are  lobed, 
foliaceous,  or  ramified  ;  and  the  siphunclc  is  dorsal.  The 
species  of  the  genus  Ammonites  range  from  the  Trias  to  the 

T 
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Chalk,  and  are  thus  exclusively  confined  to  the  Secondary  period 
Within  these  limits,  each  rock-group  is  characterised  by  par- 
ticular species,  the  number  of  individuals  being  often  very  great, 
and  the  size  which  is  sometimes  attained  being  nothing  short  of 


Fig.  i(i\.'~AmfHam4€s  ti/rntr.    Uu. 

gigantic     In  the  Lias  particular  species  of  AmmoniUs  suc( 
one  another  regularly,  each  having  its  own  definite  hor 
which  it  does  not  transgress.     It  is  thus  possible  to  distinj 
a  certain  number  of  zones,  each  characterised  by  a  parti< 
Ammonite.     Some  of  these  zones  are  very  persistent  and 
tend  over  very  wide  areas,  thus  affording  valuable  aid  to 
geologist  in  his  dt:ternunaiion  of  rocks,     It  is  to  be  rei 
bered,  however,  that  there  are  other  species  which  are  not 
restricted  in  their  vertical  range,  even  in  the  same  formati 
in  which  definite  zones  occur. 

The  numerous  species  oi  Ammonites  are  divided  intOj 
as  follows  (Piclet) : — 


1.  Arietes 

2.  Fatciftri 

3.  CrtJtati 


Section  A.     Back  with  an  entire  kneL 

A.  bisulcattis. 


Lower  Oolircs. — Ex. 
Lower  Oolites. — £x. 
Cretaceous, — £x,  A. 


A.  scrpentinus. 
inilatuL 


Section  B.     Bad  crenaUd  or  iubercuialed. 

4.  Amaithei     .     ,     Oolites. — Ex.  A.  cordatns. 

5.  Puicktlli^Qx  Rhotomagcns(s)   .     .     Cretaceous. — Ex.   A. 

Section  C     Back  eomprtssed  and  sharp. 

6.  Cfypei/orrin  [ox  Disci)    ,     .     ,     Oolites. — Ex,  A.  discos. 
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Flextiosi  . 
Compressi 

11.  Armati    .      . 

12.  AngaUkaxtati 


Cafirieomi 

14.  HeteropkylU 

15.  Uf^aii  .     , 

16.  Plamulati. 

MatroctphaU 
CUA0n      . 


Section  D.    B<uk  channdltd, 

,     Oolitic  aiid  Cretaceous. — £x.  A.  Jason. 
,     Trifti. — £jc.  A.  Aon. 

Sectiov  E.     SatJk  sguarnf. 

,  Cretaceous. — £^x.  A.  radiatus. 

.  Crciaceou.s. — £x.  A.  lieaumonlianus. 

.  Oolilic. — £Lr.  A.  pcraniialus. 

,  Oolitic  and  Cretaceous — £x.  A.  MiUctianus. 

Section  F.    Sari  round. 
Lins. — Ex.  A-  planicostatns. 
Oolitic — Ex.  A.  hcterophyilus. 
Cretaceous. — Ex.  A.  Mayorianus. 
Oolitic. — Ex,  A.  onnulntus. 
Oolitic — Ex.  A.  liumphrcfrianus. 
Oolitic  and  Cretaceou*. — Ex.  A.  microstomt. 
Trias. — Ex,    A.  globus. 
Jurassic  and  Cretaceous. — Ex.,  A.  sub-fimbriattts. 


the  genus  Crioccras  are  included  forais  which  resemble 
Ammonites  in  all  essential  characters,  but  in  which  the 
ions  of  the  shell  are  not  contiguous.     The  shell,  there- 
is  discoidai,  with  separate  whorls,  thus  corresponding 
Gyroctras  amongst  the  series  of  the  Nautilidte.     All  the 
species  of  Crioc^as  belong  to  the  Cretaceous  period, 
ing  from  the  Lower  Greensand  to  the  GaulL 
the  genus  Toxoteras  the  shell  is  simply  arcuate,  or  bent 
la  horn,  and  is  never  spirally  rolled  up  ;  so  that  this  genus 
;nts   Cyrtoaras  in  the   series  of  the  Natitilida.     The 
aes  of  Toxoceras  range  from  the  lower  Oolites  to  the  Gault, 
the  genus  is  characteristically  Cretaceous. 
the  genus  Aruyhceras  (fig.   262)  the  shell  at  first  re- 


Vvg.  3t*. — AHeyUarnu  Matlurwtuin 


lies  that  of  Crioceras,  consisting  of  several  volutions  which 
coiled  into  a  6at  spiral,  but  which  are  not  in  contact  with 
another.  The  shell  differs  from  Crioccras^  however,  in  the 
that  the  last  volution  is  produced  at  a  tangent,  and  is  ulti- 
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'im 


Fig.  i^yTurri/itrt 
catenatHt.     Gault. 


mately  bent  back  in  the  fomi  of  a  crosier.  The  species  of 
An<y/oceras  are  Jurassic  and  Cretaceous,  ranging  from  the  la- 
ferior  Oolite  to  the  Chalk. 

In  the  genus  ScaphUes,  the  shell  resembles  that  of  Anrtl^ 
uras  in  consisting  of  a  series  of  volutions  coiled  into  a  fiat 
spiral,  and  having  the  last  volution  d^ 
tachcd  from  the  others,  produced,  aad 
ultimately  bent  back  in  the  fonn  of  i 
crosier.  ScaphiUs  differs  from  Anc^k^ 
ccras  in  the  fact  that  the  volution*  of 
the  enrolled  part  of  the  shell  an:  in  con- 
tact, instead  of  being  separate  as  tbq 
arc  in  the  latter.  The  produced  wboi^ 
also,  is  rarely  of  any  great  length,  but 
is  speedily  bent  back  upon  itself.  iVB 
the  species  of  Scaphitcs  arc  Cretaceow, 
ranging  from  the  J-ower  Grecusand  to 
the  Chalk. 

In  the  genus  HeUcoctras  the  shell  isj 
coiled  into  a  lurreled  spiral,  the  vol(i- 
tions  of  which  are  not  contiguous.  1V| 
shel!  is,  also,  left-handed  or  "sinistnL', 
With  the  exception  of  a  single  specia 
from  the  Inferior  Oolite,  all  ilic  specia 
of  Hdicoceras  belong  to  the  Crctoceofll 
period. 

In  the  genus  Turritiies  the  siidlj 
agrees  with  that  of  the  preceding  it 
being  composed  of  volutions  wluca 
pass  obliquely  round  a  central  ixs! 
(fig.  263),  so  as  to  form  a  turrctcd 
spiral  The  shell  is,  also,  left-handed 
or  **  sinistral."  In  TurriliUs^  however, 
the  whoils  of  the  shell  are  in  contact, 
insteati  of  being  disconnecte<I  as  thcf 
are  in  Hriicoccras.  The  genus  corre* 
spondswith  Trochoceras  in  the  series  d 
the  Naittiiuia.  All  the  species  of  Tfcr* 
riliies  are  Cretaceous,  ranging  from  tiM 
Gault  to  the  Chalk. 

In  the  genus  HamiUs  the  shell  is « 
extremely-elongated  cone,  which  is  bent  upon  itself  more  tbafl 
once,  in  a  hook-like  manner,  all  the  volutions  being  separate 
Numerous  species  of  Hamites  are  known,  all  of  them  being  Crt» 
taceous,  and  ranging  from  the  Lower  Greeasand  to  the  Clult 


DIBRANCHIATE  CEPHALOPODS. 


293 


tn  the  genus  Piyc/ioceras  the  shell  is,  also,  a  much  elongated 
le,  which  is  simply  bent  upon  itself  once,  the  two  straight 
tions  of  the  shell  being  in  contact.  The  range  of  this  genus 
the  same  as  that  of  Hamites,  extending  from  the  Lower 
eensand  to  the  Chalk. 

Lastly,  in  the  genus  Bacuiiies  the  shell  is  simply  a  straight 
ngatcd  cone,  not  bent  in  any  way.  Baculitcs  corresponds, 
a'efore,  with  Orthoceras  in  the  series  of  the  NautUida,  The 
Ige  of  Bacniites  is  the  same  as  that  of  the  preceding — from 
t  Lower  Greensand  to  the  Chalk;  but  the  genus  is  most 
ondant  in  the  Chalk  itsel£ 


CHAPTER    XXVi. 
DIBRANCHIATE    CEPHALOPODS. 


JE  Dibranchiate  Cephalopods  or  Cuttle-fishes  are  character- 
di3shc\ngs7Vimmin^afirma/Sf  almost  invariabiy  naked ^  ivith 
vr  more  than  ei^ht  or  ten  arms,  which  are  always  prax'ided 
fJt  suckers.  There  are  tivo  hranchia^  which  are  furnished 
tA  branchial  hearts  ;  an  ink-sac  is  aliaays  presettt ;  the  funnel 
T  complete  tube^  and  i/u  sheil  is  internal,  or,  if  external^  is  not 
'^6ered. 

t'hc  Cuttle-fishes  are  rapacious  and  active  animals,  swim- 
*g  freely  by  means  of  the  jet  of  water  expelled  from  the 
Del.  The  arms  constitute  powerful  offensive  weapons, 
^g  excessively  tenacious  in  iheir  hold,  and  being  sometimes 
Vided  with  ashar])  claw  in  the  centre  of  each  sucker.  They 
mostly  nocturnal  or  crepuscular  animals,  and  they  some- 
cs  attain  to  a  great  size.  They  may  be  divided  into  two  see- 
's, Octopoda  and  Decapoda,  according  as  they  have  simply 
*t  arms,  or  eight  arms  and  two  additional  "  tentacles." 
'  lie  parts  of  a  Dibranchiate  Cephalopod  which  may  be  pre- 
'ed  in  a  fossil  condition  are  the  mandibles,  the  ink-sac,  the 
■1  (if  such  be  present),  and  the  internal  skeleton.  Theoccur- 
Ce  of  the  mandibles  and  ink-sacs  of  Dibranchiate  Ccphalo- 
^s  in  a  fossil  state  has  been  already  spoken  of  (jj.  273)*  and 
■<i  not  be  further  noticed  here.  An  external  shell  is  prc- 
\  only  in  the  Argonaut  amongst  living  Cuttle-fishes,  and 
'liar  structures  are  of  rare  occurrence  as  fossils  in  some  of 
youngest  portions  of  the  earth's  crust.  The  internal 
-leton  of  tlie  Cuttle-fishes  differs  very  much  in  its  characters 
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in  different  cases.     In  the  Calamaries  the  skeleton  is  in  the 
form  of  a  homy  "  pen,"  consisting  of  a  median  shaft  and  o( 
two  lateral  expansions  or  wings.     In  the  Sf/ttz/ie  the  skeleton 
has  the  form  of  a  broad^  laminated,  calcareous  plate,  having  x 
more  or  less  perfectly  chambered  apex  or  "  mucro."    In  tht 
singular  Spiruia  the  skeleton  has  the  form  of  a  chambcrwl 
tube  coiled  into  a  spiral,  the  coils  of  which  are  sepan*    *- 
one  another,     I-astly,  in  the  extinct  family  of  the  Beh 
there  was  a  complicated  internal  support.     It  is,  then, 
from   Che  preservation  of  their   internal   skeletons  th, ;  !.ir 
Dibranchiate  Cephalopods  are  known  to  have  existed  in  put 
periods  of  the  earth's  history.     In  addition,  however,  to  the 
skeleton,  mandibles,  and  ink-bag,  cases  are  not  altogether  un- 
known in  which  the  hooks  of  the  suckers,  and  even  the  ODt-  . 
lines  of  the  arms  and  body,  have  been  preserved  in  a  foani  i 
condition. 

As  regards  their  general  distribution  in  time,  the  record  of 
the  Dibranchiate  Cephalopods  is  much  less  complete  than  that 
of  the  Tdrabranchiata,  In  the  vast  series  of  the  Pabeozoic 
formations  no  trace  has  ever  been  discovered  of  the  existence 
of  any  member  of  this  order.  Shortly  after  the  commenw 
ment  of  the  Mesozoic  period  appear  the  first  Belemnites;  and 
all  the  Secondary  formations  after  the  oldest  teem  with  the 
remains  of  this  family  of  the  Dibranchiafa.  Remains  of  the 
living  families  of  the  Tfitthidoi  and  Scpiada  are  also  not  un- 
known in  the  Mesozoic  Rocks,  but  no  trace  of  the  great  group 
of  the  Belemmiidtt  has  hitherto  been  detected  in  Tertiary  d^ 
posits.  Upon  the  whole,  the  order  must  be  regarded  as  having 
attained  its  maximum  at  the  present  day.  In  the  following 
are  given  the  characters,  chief  genera,  and  distribution  in  time 
of  the  families  of  the  Dibranchiate  Cephalopods. 

Section  A.  Octopoda.— The  Cephalopods  comprised  in 
this  section  arc  distinguished  by  the  possession  of  eight  anns, 
which  are  provided  with  sessile  suckers.  The  bodyisihorl 
and  bursiform,  ordinarily  without  fins.  The  shell  is  intenial 
and  rudimentary  ;  in  one  instance  only  (Argonaut)  external 

Fam.  I.  y\RGONAUTiD^:u— Female  provided  with  a  delicate, 
symmetrical,  involuted  shell,  which  is  secreted  by  the  webbed 
extremities  of  the  two  dorsal  arms,  and  is  not  attached  in  any 
way  to  the  body  of  the  animal.  Male  much  smaller  than  the 
female,  shell-less.  This  family  includes  only  the  single  genu5 
Argofiauia  (the  Paper  Nautilus).  One  or  two  species  of 
Argonaut  have  been  discovered  in  the  Pliocene  Tertiary. 

Fam.  2.  OcTOPODiD^E, — Shell  internal,  rudimentary,  xt^ 
sented  by  two  short  styles  encysted  in  the  substance  of  the 
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irie.     This  family  includes  the  living  Poulpcs  and  their 

but  has  no  fossil  representatives. 

iSection  B.  Decapoda. — ITie  Cuttle-fishes  of  this  section 

eight  "  arms  "  and  t\vo  additional  **  tentacles,"  which  are 

ich  longer  than  the  true  arms,  and  cany  stickers  on  their 

rmiiies  only,  which  are  expanded  and  club-shaped.     The 

;ers  are  pedunculated,  the  body  is  furnished  with  lateral 

and  the  shell  is  always  internal. 

Fam,  3.  Teuthid.^. — Shell  consisting  of  an  internal  homy 

pen"  or  "gladiiis,"  composed  of  a  central  shaft  and  two 

il  tt-ings.     Several  of  such  pens  may  exist   in  a   single 

ividual,   packed  one  behind   the  other.     Fins  mostly  ler- 

lal  and  angular.     This  family  comprises  the  living  Cala- 

ies  and  Squids,  and  the  following  fossil  genera  have  been 

ided  upon  "  pens  "  which  have  been  discovered  in  various 

;ODdar)'  deposits. 

a.  T€t4dopsis, — Pen  lanceolate,  produced  in  front,  dilated  and 
itulate  behind.  Five  species  of  this  genus  have  been  de- 
ibed  from  the  Lias. 

h.  Bdotatthis. — Pen  lanceolate,  pointed  in  front,  with  two 
wing-like  expansions  behind  (fig.  264).    Six  species  have 
described  by  Count  Munster  from 
Upper  Lias  of  Wijrtemberg. 
t  Leptoieuthis. — Pen    horny,  hastate, 
in  front,  pointed  behind.    A  single 
ncs  is  known  from  the  Oxford  Cky 
lonssic). 

i.  Besides  the  above,  remains  found 
the  Jurassic  Rocks  have  been  referred 
ihe  living  genera  Kfiophtaitkis  and 
xmasirephts ;  and  the  extinct  genus 
\eMtfu?tcuihis  has  also  been  placed  in 
lis  family. 

Fam.  4.  SEPiADvt. — Internal  skeleton 
I  the  form  of  a  broad,  laminated,  calcare- 
is  plate,  with  an  imperfectly-chambered 
(or  **  mucro  ").  The  chambered 
don  of  the  skeleton  corresponds  with 
phragroacone "  of  the  Belemnites. 
ic  fossil  species  of  this  family  range  from  the  Middle  Oolites 
Kurds,  and  belong  to  the  following  three  genera  : — 
tf.  Stpia. — Shell  broad  and  thick  in  front,  laminated,  and 
linating  in  a  prominent  mucro.  1  he  fossil  forms  belong 
10  the  Oxford  Clay  (Jurassic)  and  Eocene  Tertiary,  and  tlie 
genus  attains  its  maximum  at  the  present  day. 


\ 
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cattata.  JurjUMC  (liu). 
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6.  SpiruUrosira. — The  shell  (fig.  265)  in  this  singular  (»cntB 
consists  of  a  chambered  portion  or  phragmacone  coilcfi  inn  1 
spiral^  the  volutions  of  which  are  separated.     This  is  lodged 
a  pointed  calcareous  portion  or  **  rostrum."     The  only  knc 
species  of  this  genus  is  found  in  the  Miocene  Tertiary. 


Fig.  365.— .S/r'nir/frm/rrt  B^iiarilii.    Miocecw  Tcrtury. 

c.  Beioptera. — Shell  consisting  of  a  nearly  straight  chami 

portion  or  *'  phragmacone,"   perforated  by  a  siphunclc, 
lodged  in  a  pointed  calcareous  rostrum  which  is  furnished  wi 
lateral  wings.     Two  species  only  of  this  genus  arc  known, 
from  the  Eocene  Terliar)', 

d.  Beicmnosis. — -This  genus  has  been  founded  for  the  recep- 
tion of  an  Eocene  fossil  closely  resembling  Bthptera^  but  difiitf; 
ing  in  not  possessing  any  lateral  exi^ansions. 

Fam.  5.  Spirulid-€. — Shell  nacreous,  discoidal,  compos 
of  volutions  which  are  not  in  contact  with  one  another, 
shell  is  divided  into  a  series  of  air-chambers  by  curved  sh( 
partitions,  pierced  by  a  ventral  tube   or   **  siphuncle." 
entire  shell  corresponds  with  the  '*  phragmacone  *'  of  the  sk< 
ton  of  the  Belemnites.     SpiruHrosira  and  Behptna  arc  oft 
referred  to  this  family  ;  but  if  these  be  placed  in  the  Sepk 
the  family  of  the  SpiruHdtz  is  then  without  any  known  fo 
representative. 

Fam.   6.   BELEMNiTiD.t, — Shell   internal,    composed  of 
conical  chambered  portion  (*'  phrngmacone  "),  with  a 
or  ventral  siphuncle,  lodged  in  a  cylindrical  fibrous  "gu: 
and  prociurcd  in  front  into  a  thin  homy  or  shelly  plate 
**  pen  "  (the  "  pro-ostracum  ").   The  Bclcifmit'tda  are  exclusi^ 
confined  to  the  Secondary  Rocks,  ranging  from  the  top  of  ihc 
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ic  Chalk.    The  following  are  the  more  important 

jnging  to  this  family : — 

ftit^. — The  skeleton  of  the  Bclcmnile  consists  of  a 

rical,  longer  or  shorter, 

dy  (fig.   266),   which    is 

"rostrum"  or  "guard." 

of  the  guard  varies  very 
fferent  cases,  and  it  is  the 
Belemnite  which  is  most 
found  in  a  fossil  condi- 
he  front  or  broad  end,  the 
illowed  out  into  a  conical 

which  is  termed  the 
Wiihin  the  alveolus, 
specimens,  is  contained 
^acone."  This  consists 
\\  series  of  chambers,  se- 
m  one  another  by  curved 
titions  or  septa,  which 
Lted  by  apertures  for  the 

the  "siphuncle."  The 
traverses  the  middle  of 
wall  of  the  phragmacone, 
lole  series  of  chambers  is 
n  a  thin  shell-wall  (the 
a"  of  Huxley).  Anteri- 
notheca  or  investment  of 
lacone  is  prolonged  for- 
a  horny  or  shelly  plate, 
esponds  with  part  of  the 
le  Calamaries,  and  which 
he  "  pro-ostracum  "  (fig. 
The  form  of  the  "  pro- 
varies  greatly  in  different 
t  affords  important  char- 
le  discrimination  of  spe- 
Tieric  fomis  in  the  Bekm- 
iving,  however,  to  its  ex- 
ty,  it  is  very  rarely  found 
n  a  fossil  condition,  and 
►  the  working  ]jalaEonto- 
:S  greatly  reduced. 
is  the  internal  skeleton 
nniic  known,  hut  various  specimens  have  been  dis- 
iiu  which  much  has  been  learnt  as  to  other  points 


F[f(.  366.— rJijgram  of  Belem- 
nite (after  Profe«or  Phitltpi).  r 
Humy  or  shelly  prn  or  "  pnv 
oatracum  I'jifC^hartibcrcd  "phras- 
macone"  in  ii*  cavity  (n^  or  "i3- 
vcotus ',"  g"  Guard." 
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of  its  anatomy.  Thus  we  know  that  the  body  was  furnished 
with  lateral  fins,  that  tliere  were  eight  arms  and  two  longo 
"  tentacles,"  that  the  suckers  were  provided  with  homy  hooks, 
that  there  was  a  large  ink-sac,  and  that  the  mouth  was  innod 
with  homy  mandibles. 

The  following  table  of  the  sections  and  sub-sections  of 
species  of  ilie  genus  BeUmniUs  is  the  one  given  byDrS. 
Woodward  : — 

;    Section  1.  Actjeli. 

Without  dorsal  or  venlnd  grooves. 
Sub'section  I.  A<uarii, 

Without  hteral  furrows,  but  often  channelled  at  the  1 
point,    (^.r.  B.  iuuarius.    Lias.] 
Sub-seciion  2.  Chn-ati. 

With  lateral  furrows.     {Ex.  B,  clavatus.     Lias.) 
Secfion  IL  Gastroccrli. 

Ventral  (groove  distincL 
Sub'S^thn  I,   Cunalictilath 

Nn  lateral  furrows.      {Ex.  B.  cauaJindniut.     tot  Ooliltf 
Sub-sfctian  2.  //asffi/i. 

lateral  furrows  distinct    {J^x.  ff.  hastatHS.   Oolttc) 
Section  IIL  NotocaelL 

With  a  donsal  groove,  and  furrowed,  on  each  side,    (i 
B.  diiatatui,     Neocomian.) 

The  species  of  the  genus  Behmnites  range  from  the  t( 
the  Trias,  where  the  earliest  forms  appear,  to 
Upper  Greensand,   in  which  the  genus  finally 
appears.     The   species  are   most   numerous  in 
Jurassic    Rocks,   and   often   occur   in   the 
abundance  in  particukir  beds  or  particular  lo< 
It  would  seem  not  improbable  that  the  genus 
tera^  before  noticed,  should  be  referred  to  the 
niiidiB^  and  the  genus  Belemnosepia  (or  Gt&ttui^iS^ 
formerly  referred  to  the  Tetdfhuitt,  appears  to  beilj 
most  certainly  referable  here. 

b.  Bdemfiitclh. — In  this  genus  (fig.  267)  the 
ton  is  very  similar  in  its  general  arrangement  to 
of  BchmniUs  ;  but  there  is  a  straight  fissure  io 
guard,  at  its  upper  end,  on  the  ventral  side  of' 
wall  of  the  alveolus.     The  species  of  this  genu*] 
.        _  exclusively  Cretaceous,  and  are  only  found 
Bttemniuiia\\}^\Mtx  poriJon  of  this  foriTjation,  ranging  from 
Sl'Sk.'^'"'   Upper  Greensand  to  the  Chalk. 

€.  Bdonnoteuihis. — ''5>^<r// consisting  of  a /i 
macofUy  like  that  of  the  Deleuinite;  a  homy  dorsal  p^ 
obscure  lateral  bands;  and  a  thin  fibrous  gtMrd,  with 
diverging  ridges  on  the  dorsal  side.     Animal  provided 
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w  and  tentacles  of  nearly  equal  length,  furnislied  ^nth   a 

ible  allemating  series  of  homy  hooks,  from  20  to  40  pairs 

each  arm  ;  maniie  free  all  round  ;  fins  large,  medio-dorsal." 

•(Woodward.)     Only  one  species  is  known,  from  the  Oxford 

lay  (Middle  Oolites).     High  authorities,  such  as  Owen  and 

'Orbigny,  question  the  validity  of  this  genus,  and  regard  it 

being  founded  upon  specimens  of  BfUmnitcs. 

L  Xiphotatihis. — Guard  narrow  and  cylindrical,  containing 

very   long,    deep-chambered,    narrow   phragmacone.      Pro- 

stracum  greatly  developed  (nearly  a  foot   in  length),  very 

>w  at  its  base,  widening  out  anteriorly,  and  finally  ter- 

itirg  in  a  pointed  apex.     Only  a  single  species  is  known, 

the  Lias. 


CHAPTER  XXVn. 


SUB-KINGDOM  VERTEBRATA, 

|The  sub-kingdom  Veriebraia  may  be  shortly  defined  as  includ- 
animiils  in  which  the  body  is  composed  of  a  sucussum  of 
segmentSj  arranged  along  a  longitudinal  axis ;   the  main 
of  thf  nenous  system  {brain  and  spinal  cord)  are  situated 
the  difrsal  surface  of  the  body,  and  are  completely  shut  off 
tk£  general  l*ody-eavity.     The  limbs  are  nn^er  more  than 
m  number^  and  are  always  turned  away  from  that  aspect  of 
iy  upon  which  the  main  masses  of  the  nervous  system  are 
.     In  all,  the  nerrous  axis  is  primiliirly  suppoficd  by  a 
rod,  which  is  termed  the  ^*- notoclwrd ;''  but  in  most  the 
ird  is  replaced  in  tlie  adult  by  the  bony  axis  knoion  as  the 
^Spine^  or  "  vertebral  column,*' 

The  past  existence  of  Vertebrate  animals  is  chiefly  recognised 
'the  preservation  of  their  hard  structures.  These  hard  struc- 
are  of  vko  kinds — some  belonging  to  the  interna!  or  true 
leton  (endoskeleton),  others  being  of  the  nature  of  homy 
bony  plates,  scales,  or  appendages  of  various  kinds,  de- 
lopcd  in  the  integument  (cxoskcleton).  The  nature  of  the 
ikeleton  in  the  Vertebrates  differs  very  much  in  different 
and  it  will  be  considered  when  treating  of  the  separate 
ips.  It  will  be  well,  however,  to  give  an  extremely 
leral  and  brief  view  of  the  stmcture  of  the  endoskeleton, 
for  this  purpose  a  Mammal  as  a  typical  form.  In  this 
the  student  will  be  enabled  readily  to  trace  the  modifica- 
of  the  skeleton  in  the  lower  forms,  and  will  without 
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difficulty  comprehend  the  terms  which    are    necessarily 
ployed  in  the  definitions  of  the  various  grou|>s.     It  may  B 
added  here,  before  proceeding  further,  that  it  does  not 
requisite  to  treat  the   VerUbrata  with  the  same  fulness 
Invertehrata.     The  fossil  remains  of  Vertebrates  are  in 
cases  of  the  highest  theoretical  interest,  but  they  come  mod 
less  frequently  under  the  notice  of  the  ordinary'  student  thai 
do  the  remains  of  the  Invertebrates.     No  practical  study,  also, 
of  the  fossil  Vertebrates  can  be  carried  out  lA'ilhout  a  considff- 
able  acquaintance  with  Comparative  Osteology.     Lastly,  the 
remains  of  Vertebrate  animals  generally  occur  in  such  a  frag- 
mentary condition  that  a  sufficient  series  of  specimens  for  pro- 
fitable study  can  rarely  be  obtained,  except  under  peculijri/ 
favourable  circumstances,  in  special  cases,  or  where  access  co 
be  had  to  a  first-rale  museum.     For  these  and  other  reasons  it 
is  thought  enough,  in  a  trcalise  intended  for  the  working  pale- 
ontologist, to  give  a  general  account  of  each  class  of  the  /<»*■ 
hrata^  with  definitions  of  the  orders,  and  a  brief  notice  of  the 
leading  forms  of  each.     Only  in  cases  of  special  interest  will  iflf^ 
details  of  a  more  minute  character  than  the  alx)ve  be  givca 
The  skckton  of  the  Vertebraia  may  be  regarded  as  consi 
essentially  of  the  bones  which  go  to  form  the  head  and 
on  the  one  hand  (sometimes  called  the  "  axial  "  skeleton), 
of  lliose  which  form  the  supports  for  the  limbs  (*'appcndi( 
skeleton)  on  the  other  hand.      The  bones  of  the  head, 
trunk  may  be  looked  upon  as  essentially  composed  of* 
of  bony  rings  or  segments,  arranged  longitudinally,  one 
the  other.     Anteriorly  these  segments  are  much  cxpandcdjl 
likewise  much  modified,  to  forn»  the  bony  case  which 
the  brain,  and  which  is  termed  the  cranium  or  skull, 
the  head  the  segments  enclose  a  much  smaller  cavity, 
called  the  "neural"  or  spinal  canal,  as  it  encloses  the  i 
cord ;  and  they  are  arranged  one  behind  the  other, 
the  vertebral  column.     The  segments  which  form  the 
bral  column  are  called  "  vertebrie,"  and  they  have  the 
ing  general  structure  : — Each  vertebra  (fig.  26S,  A)  cot 
a  central  piece,  which  is  the  fundamental  and  essential] 
of  the  vertebra,  and  is  known  as  the  ''  body  "  or  "  cent 
From  the  upper  or  posterior  surface  of  the  centrum 
bony  arches  {//  n),  which  are  called  the  *'  neural 
"  neurapophyses,"  because  they  form  with  the  body  a 
"neural  canal" — which  encloses  the  spinal  cord.      Fror 
point  where  the  neural  arches  meet  behind,  there  is  ' 
developed  a  longer  or  shorter  spine,  which  is  termed  th« 
nous  process  "  or  "  neural  spine  "  (j).     From  the  neural  J 
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we  also  developed  in  the  typical  vertebra  two  processes 
which  are  known  as  the  "articular"  processes,  or  "zyga- 
lyscs."  The  verlebne  are  united  to  one  another  partly 
se,  bill  to  a  greater  extent  by  the  bodies  or  "centra." 
the  sides  of  the  vertebral  bo<iy,  at  the  point  of  junction 
the  neural  arches,  there  proceed  two  lateral  processes 
\d),  which  are  known  as  the  "  transverse  processes." 


I.umlnr  vcrlcbm  of  a  Whale  :  «  Body  or  ccnlnim  ;  m  m  Neural  archrs; 

:  a  a  Anicular  proce«<wt:  •1'  •i'  TrannYertc  prucc^^scft.      B,  Uiafnini  af  a. 

IcJ'ni :  c  Cenlrum  ;  n  n  Neural  an:)ie»  enclosing  the  ncurml  canml ;  *  NcurmI 

Rib*,  as»i»tini  in  the  fornuiinn  of  the  hniuU  arch; // CoRal  outilagas; 

with  hjcnul  »pinc.     (After  Owcti.) 

te  elements  form  the  xftrUbra  of  the  hunian  anatomist, 
the  "vertebra"  of  the  transcendental  anatomist  is  com- 
pleted by  a  second  arch  which  is  placed  beneath  (he  body  of 
I  Ac  vertebra,  and  which  is  called  the  "  hasmal  "  arch,  as  it 
includes  and  protects  the  main  organs  of  the  circulation. 
IThis  second  arch  is  often  only  recognisable  with  great  diffi- 
'Culty,  as  its  parts  are  generally  much  modified,  but  a  good 
ttample  may  be  obtained  in  the  human  chest,  or  in  the  caudal 
V<atebra  of  a  bony  fish. 

As  a  general  rule,  the  vertebral  column  is  divisible  into  a 
hutnber  of  distinct  regions,  of  which  the  following  arc  recog- 
nisable in  man  and  in  the  higher  Vei-Ubrala  :^\.  A  series  of 
li'crtebnc  which  compose  the  neck,  and  constitute  the  "ccr- 
rical  region  "  of  the  spine  (fig.  269,  c).  2.  A  number  of  vertebrre 
tehidi  uiiially  carry  well-developed  ribs,  and  form  the  "dorsal 
fc^on  "  {d),  3.  A  series  of  vertebra?  which  form  the  region 
)f  the  loins,  or  "lumbar  region"  {b),  4.  A  greater  or  less 
of  vertebrae  which  constitute  the  "  sacral  region,"  and 
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are  usually  amalgamated  or  "anchylosed"  together  lo  form  i 
single  bone,  the  "  sacrum  "  {s),  5.  The  spinal  column  «  com- 
pleted by  a  variable  number  of  vertebrae  which  constitute  the 
"caudal"  region,  or  tail  (/), 


Fig.  ■3^9  — Skelelon  of  ihc  Beaver  (C«f/cr/i'^rJ,  sbowlrs  the  different  recMMHordK 
vcrtc!ir:il  column,      c  Cervical  region  ;  id  Dorsal  region  ;  6  LuiuUax  reKioB  ;  #  Si 
/  Caudal  region, 


Ab  regards  the  skuU  of  the  Vertebrates,  the  most  traponinl 
points  to  be  noticed  are  the  manner  in  which  the  cranius) 
articulates  with  the  vertebral  column,  and  the  stnicture  of 
lower  jaw  or  "mandible."  In  Birds  and  Keptiles  the 
articidates  with  the  first  vertebra  of  the  neck  by  means 
single  articulating  surface  or  "condyle/*  carried  upon 
occipital  bone.  In  the  Amphibians,  again,  and  in  the 
mals,  there  are  /w^  '*  occipital  condyles,"  by  which  the 
is  jointed  to  the  neck.  The  lower  jaw  is  sometimes 
ing,  but,  when  present,  it  consists  in  all  Vtrtebrata  of 
halves  or  *'  rami,"  which  are  united  to  one  another  in 
and  articulate  separately  with  the  skull  behind.  In 
cases,  each  half,  or  "  ramus,"  of  the  lower  jaw  conststft] 
several  pieces  united  to  one  another  by  sutures ;  but  in 
Mammalia  each  ramus  consists  of  no  more  than  a 
piece.  The  two  rami  are  very  variously  connected  with 
another,  being  sometimes  only  joined  by  ligaments  and  raos- 
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s,  sometimes  united  by  cartilage  or  by  bony  suture,  and 
actimes  fused  or  anchyloscd  with  one  another,  so  as  to 
vc  no  evidence  of  their  true  composition.  The  mode  by 
ich  each  ramus  of  the  lower  jaw  articulates  with  the  skull 
5  varies.  In  the  Alammalia  the  lower  jaw  articulates  with 
avity  formed  on  what  is  known  to  human  anatomists  as  the 
iporalbone;  but  in  Birds  and  lieptiles,  the  lower  jaw  articu- 
;s  with  the  skull,  not  directly,  but  by  the  intervention  of  a 
tcial  bone,  known  as  the  "quadrate  bone"  or  ^^ost^uadratttm." 
A.S  regards  the  Umbs  of  Vertebrates,  whilst  many  differences 
St,  which  will  be  aftenvards  noticed,  there  is  a  general 
eement  in  the  parts  of  which  they  are  composed.  As  a 
e,  each  pair  of  iimbs  is  joined  to  the  trunk  by  means  of  a 
ics  of  bones  which  also  correspond  to  one  another  in  general 
acturc.  The  fore-limbs,  often  called  the  **  pectoral  "  limbs, 
:  united  with  the  trunk  by  means  of  a  bony  arch,  which  is 
led  the  "pectoral"  or  "scapular"  arch;  whilst  the  hind- 
ibs  are  similarly  connected  with  the  trunk  by  means  of  the 
-civic  arch."  In  giving  a  general  description  of  the  parts 
ich  compose  the  hmbs  and  their  supporting  arches,  it  will 
best  to  take  the  case  of  a  Mammal,  and  the  departures 
m  this  type  will  then  be  readily  recognised. 
The  pectoral  or  scapular  arch  consists  usually  of  three  bones, 
r  "scapula"  or  shoulder-blade,  the  "coracoid,"  and  the 
lavicle"  or  collar-bone;  but  in  the  great  majority  of  the 
immals,  the  coracoid  is  anchylosed  with  the  scapula,  of 
ich  it  forms  a  mere  process.  The  scapula  or  shoulder- 
ide  (fig.  270,  J-)  is  usually  placed  outside  the  nbs,  and  it 
■ms,  either  alone  or  in  conjunction  with  the  other  bones  of 
;  shoulder-girdle,  the  cavity  with  which  the  upper  arm  is 
Iculated.  The  coracoid,  though  rarely  existing  as  a  distinct 
ne  in  the  Mammals,  plays  a  very  important  part  in  other 
:rtebrates.  The  clavicles  are  often  wanting,  or  rudimentary, 
d  they  are  the  least  essential  elements  of  the  scapular  arch, 
le  fore-limb  proper  consists,  firstly,  of  a  single  bone  which 
ms  the  upper  arm,  and  which  is  known  as  the  huments  (h), 
lis  articulates  above  with  the  shoulder-girdle,  and  is  followed 
low  by  the  fore-arm,  which  consists  of  two  bones,  called  the 
iitis  and  ulna.  Of  these  the  radius  is  chielly  concerned 
;h  carrying  the  hand.  The  radius  and  ulna  are  followed  by 
;  bones  of  the  wrist,  which  are  usually  composed  of  several 
DCS,  and  constitute  what  is  called  the  carpus  {d).  These 
)port  the  bones  of  the  root  of  the  hand,  which  vary  in 
mber,  but  are  always  more  or  less  cylindrical  in  shape. 
ey  constitute  what  is  called  the  metacarpus.     The  bones  of 
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the  metacarpus  carry  the  digits,  which  also  vary  in  numbcf, 
but  are  composed  each  of  from  two  to  three  cylindrical  bonci, 
which  are  known  as  the  phalanges  (/). 

Homologous  parts  arc,  as  a  rule,  readily  recognisable  b  the 
hind-limb.  The  pelvic  arch,  by  which  the  hind-limb  is  unilfti 
with  the  tnink,  consists  of  three  pieces — the  ilium^  U(mum^ 
and  puhs — which  are  usually  anchylosed  together,  and  fonii 
conjointly  what  is  known  as  the  inrwminaie boru  (f\g.  271,1).  la 


Fip.  tio,  —  Pectoral  limb 
(arm)  of  Chimpanite.  {After 
OwntX  c  Clavicle ;  t  Scapula 
orfthouIcJer-bladc;  k  Huincrux; 
rKaditu;  «  Ulna.  (/Ucncftof 
the  wrist,  or  carpus;  m  Meta- 
carpus  ;  /  Phalaiiget  uf  the 


FiR.  371.— Uiod-limboftbe 
Chimponrce.  t  Innoraitiitt 
Uonc;yThigh-bon«  ur  itnaa; 
/TiUa;  1  Filiula;  r  Bonoef 
the  anlcle,  or  lanut ;  tm  Uctl* 
tarsus ,  /  PhalaDfCA. 


most  Mammals,  the  two  innominate  bones  unite  in  front hyj 
ligamentous  or  cartilaginous  union,  and  they  constitute, 
the  sacrum,  what  is  kno^xTi  as  the  pfkns,     Tlie  hind-limb 
per  consists  of  the  following  parts : — i.  The  tiiigh-bone 
femur,  corresponding  with  the  humerus  in  tlie  fore-limb. 
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3  of  the  shank,  corresponding  with  the  radius  and 
e  fore-limb,  and  known  as  the  tUna  and  fibuia.  Of 
tibia  is  mainly,  or  altogether,  concerned  in  carrying 
and  it  is  thus  shown  to  correspond  to  the  radius, 
fibula  corresponds  to  the  ulna.  3.  The  small  bones 
le,  known  as  the  tarsus^  and  varj'ing  in  number  in 
ases,  4.  A  variable  number  of  cylindrical  bones 
five),  which  are  called  the  metatarsus^  and  which 
1  to  the  metacarjius.  5.  Lastly,  the  metatarsus  car- 
gits,  which  consist,  each,  of  from  two  to  three  smail 
^haiangcs^  as  in  the  fore-!imb. 

>-kingdom  Vertebnita  is  divided  into  the  following 
j: — 

£S  (Fishes). — Respiration  by  means  of  gills ;  heart 
>chambered ;  an  exoskeleton,  in  the  form  of  homy 
3ony  plates,  generally  present;  blood  cold.  Limbs, 
ent,  in  the  form  of  fins,  or  exjiansions  of  the  intcgu- 
orted  by  bony  or  cartilaginous  spines  or  "  rays.'* 
[iBiA  (Amphibians). — Respiration  at  first  exclusively 
terwards  by  lungs,  either  alone  or  associated  with 
irt  of  die  adult  three-cliambered  ;  blood  cold.  The 
lected  with   the  vertebral  column  by  two  occipital 

The  limbs,  when  present,  never  converted  into  fins, 
>sed  of  the  same  parts  as  in  the  higher  Vertebrates. 
ILIA  (Reptiles). — Respiration  aerial,  by  lungs,  and 
ills.  Pulmonary  and  systemic  circulations  connected 
iher  within  the  heart  or  in  its  immediate  neighbour- 
;art  of  the  adult  three-chambered  in  most ;  rarely 
tered.  Blood  cold.  Skull  united  to  the  vertebnil 
'  one  occipital  condyle.  Exoskeleton  in  the  form 
rales  or  bony  i)lates,  or  both  combined. 

(Birds). — Respiration  aerial,  by  lungs,  and  never 
Bronchial  tubes  opening  on  the  surface  of  the  lungs 
s.  A  greater  or  less  number  of  the  bones  almost 
ow  and  filled  with  air.  The  skull  connected  with  the 
olumn  by  a  single  occiintal  condyle.     Heart  four- 

J  the  pulmonary  and  systemic  circulations  distinct, 
*odwarm.  Epidermic  appendages  in  the  form  offea- 
rtoral  limbs  in  the  form  of  wings.  Animal  oviparous, 
UAtJA  (Quadni]>eds). — Respiration  aerial,  by  lungs, 
'yy  gills.  The  terminations  of  the  air-passages  (bron- 
connected  with  air  sacs.  Heart  four- chambered  ; 
nary  and  systemic  circulations  distinct ;  the  blood 
ull  connected  with  the  vertebral  column  by  two  arti- 
rfaces  or  condyles.  Some  part  or  other  of  the  intcgu- 
U 
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ment  provided  at  some  time  or  other  with  epidennic  a; 
ages  in  the  form  of  hairs.  The  young  nourished  for  a  shortc 
or  longer  time  by  means  of  a  special  fluid — the  milk — secirttd 
by  special  glands — the  mammary  glands.  Animal  \i\iparoai. 
As  regards  the  general  disirihution  in  time  of  the  Vcrttbt^ 
the  earliest  known  traces  of  the  existence  of  this  sub-kingdao> 
are  found  in  the  Upper  Sihirian  Rocks.  Here  arc  the  rcmaittsof 
Ganoid  and  Flagiostomous  fishes  ;  and  we  may  fairly  anticipitt 
that  further  research  will  ultimately  result  in  putting  hack  ihf 
first  appearance  of  Fishes  at  any  rate  to  the  I-owcr  Si'.uniE. 
The  class  of  the  Amphibians  is  not  known  to  have  come  into 
existence  prior  to  the  commencement  of  the  Carboniferros 
period,  but  it  had  attained  a  great  development  before  ific 
close  of  this  epoch.  The  class  of  the  true  Reptiles  is  repre- 
sented, by  more  or  less  doubtful  examples  only,  in  the  ncwo 
PalffiOJioic  deposits.  In  the  Mesozoic  Rocks,  howo*er,  iht 
development  of  this  class  was  so  great  that  the  Seconcian 
pericKl  has  been  termed  the  **  Age  of  Reptiles."  The  rlaa 
Aves  is  doubtfully  represented  by  foot-prints  in  strata  of  lh« 
age  of  the  Trias  ;  but  no  Palaeozoic  remains  of  this  class  haw 
been  as  yet  detected.  The  earliest  undoubted  remains  4 
Birds  occur  in  the  Jurassic  series,  and  the  class  has  contmc<< 
to  be  represented  more  or  less  abundantly  to  the  present  dxi 
Lastly^  the  class  of  the  MatnmaHa^  so  far  as  at  present  kna«* 
finds  its  earliest  fossil  representative  in  strata  of  the  age  of  the 
Trias  (New  Red  Sandstone).  The  Mammals,  however,  £» 
not  be  said  to  be  in  any  w"ay  abundant  as  fossils,  till  we 
the  Eocene  Tertiary.  From  this  point  onward  the  rcmal 
Mammals  are  as  abundant  as,  in  the  nature  of  the  case, 
could  reasonably  be  expected  to  be. 


CHAPTER    XXVIII, 
FISHES. 

'i'HE  first  class  of  the  VerUbrata  is  that  of  the  Fishes  (j 
which  may  be  broadly  defined  as  including  I'ertcbratt 
whif/i  are  prmuded  with  gii/s  throughout  the  whole  ef  iifi;^ 
hearty  when  present,  consists  {with  one  cxeeption)  of  asUt^t 
and  a  sin^U  ventric/e ;  t/ie  blood  is  cold ;  the  limbs,  when  pf 
are  in  the  form  offinSy  or  expansions  of  the  interment. 

In  form,  Fishes  are  adapted  for  rapid  locomotion  in 
the  shape  of  the  body  being  such  as  to  give  rise  to 
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possible  friction  in  swimming.  To  this  end  also,  as  well  as 
for  purposes  of  defence,  the  body  is  usually  enveloped  with  a 
^coaling  of  scales  developed  in  the  inferior  or  dermal  layer  of 
the  skin.  The  more  important  modifications  in  the  form  of 
lese  dermal  scales  are  as  follows:  I.  Cyc/otW scales  (fig.  272), 
insisting  of  thin,  flexible,  homy  scales,  circular  or  elliptical 
shape,  and  having  a  more  or  less  completely  smooth  outline. 
These  are  the  scales  which  arc  characteristic  of  most  of  the 
>rdinary  bony  fishes.  II.  CV^wii/ scales  (fig.  273),  also  ron- 
dsting  of  thin  horny  plates,  but  having  their  posterior  margins 


R^  9711. — Cycloid  tcalc-  Fig.  373.— Ctenoid  «alc. 


Fig.  >74.^^aiioid  »cala. 


feringed  with  spines,  or  cut  into  comb-like  projections.     Til. 
\GamHj  scales,  composed  of  an  inferior  layer  consisting  of  bone, 
;overed  by  a  superficial  layer  of  hard  polished  enamel  (the  so- 
died  "ganoine  ").     These  scales  (fig.  274)  are  usually  much 
larger  and  thicker  tlian  the  ordinary  scales^  and  though  they 
re  often  articulated  to  one  another  by  special  processes,  they 
mly  rarely  overlap.     IV.  Phuoid  scales,  consisting  of  detached 
»ny  grains,  tubercles,  or  plates,  of  which  the  latter  are  not 
icommonly  armed  with  spines. 

It  is  very  important  for  the  geologist  to  recognise  the  charac- 
ters of  these  different  scales,  as  he  may  have  to  decide  upon 
the  characters  of  a  fossil  fish  merely  from  detached  scales. 
Such  decisions,  however,  arc  always  more  or  less  hazardous, 
tsince  the  scales  of  the  different  orders  of  the  living  fishes  are 
jjnot  invariably  of  the  same  kind  in  all  the  forms  of  the  order. 
iThus,  ganoid  scales  are  not  peculiar  to  the  order  of  the  Ganoid 
Ishes,  but  occur  also  in  some  of  the  Bony  Fishes  (Tcleostei), 
|The  scales,  also,  form  at  best  but  one  character,  and  they  can 
lardly  be  said  to  constitute  the  most  important  character  of 
[any  fish.     A  classification,  therefore,  which  is  based  primarily 
ipon  the  nature  of  the  scales,  necessarily  is  more  or  less  "arlifi- 
;ial,"  and  is  liable  to  bring  into  juxtaposition  forms  which  have 
10   real   aflinity  to   one   another.      For  these  reasons,  most 
Jaoologists  do  not  accept  the  classification  of  the  Fishes  into  the 
;four  orders  of  the  CycJoidei,  Oenoidd,  Ganoidei,  and  Placoidd^ 
«incc  this  classification,  though  sanctioned  by  such  an  eminent 
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authority  as  Professor  Agassiz,  is  founded  solely  upon  the 
nature  of  the  integumentary  covering.  The  palaeontologist, 
however,  whose  materials  often  consist  of  nothing  more  than 
detached  scales,  is  not  rarely  driven,  by  the  necessity  of  ibe 
case,  to  provisionally  classify  his  specimens  in  accordance  nith 
the  nature  of  these  appendages. 

As  regards  their  true  osseous  system  or  endoskeleton,  Fish« 
vary  very  widely.  In  the  Lancelet  there  can  hardly  be  said 
to  be  any  skeleton,  the  spinal  cord  being  simply  supported  by 
the  gelatinous  notochord,  which  remains  throughout  life.  1b 
others  the  skeleton  remains  permanently  cartilaginous;  in 
others  it  is  partially  cartilaginous  and  partially  ossified ;  and, 
lastly,  in  most  modern  fishes  it  is  entirely  ossified,  or  converted 
into  bone.  Taking  a  bony  fish  {fig.  275)  as  in  this  respect  1 
tyi)ical  example  of  the  class,  the  follou-ing  are  the  chief  points 
in  the  osteology  of  a  fash  which  require  notice :— 

The  fcrtebral  column  in  a  bony  fish  consists  of  vcrtcbnt 
which  arc  hollow  at  both  ends,  or  biconcave,  and  are  techni- 
cally said  to  be  **  amphiccelous."  The  cup-like  margins  of  the 
vertebral  bodies  are  united  by  ligaments,  and  the  cavities 
formed  between  contiguous  vertebne  are  filled  with  the  gela- 
tinoLis  remains  of  the  notochord.  This  elastic  gelatinous  sub- 
stance acts  as  a  kind  of  ball-and-socket  joint  between  the 
bodies  of  the  vertebrse,  thus  giving  the  whole  spine  the  extrenw 
mobility  which  is  requisite  for  animals  living  in  a  watery 
medium.  The  ossification  of  the  vertebra;  is  often  much  more 
imperfect  than  the  above,  but  in  no  case  except  tliat  of  the 
Bony  Pike  {Lepidosteus)  is  ossification  carried  to  a  greater 
extent  than  this.  In  this  fish,  however,  the  vertebral  colunm 
is  composed  of  '*  opisthoc^elous  "  vertebne— that  is,  of  wnebra 
the  bodies  of  which  arc  concave  behind  and  convex  in  front 
The  entire  spinal  column  is  divisible  into  not  more  than  tro 
distinct  regions,  an  ahfomhiai  and  a  caudal  regwn.  The  ab- 
dominal vertebra;  possess  a  superior  or  neural  arch  (through 
which  passes  the  spinal  cord),  a  superior  spinous  process 
(neural  spine),  and  two  transverse  processes  to  which  the  ribs 
are  usually  attached.  'I'he  caudal  vertebne  (fig.  275)  have  no 
marked  transverse  processes  ;  but  in  addition  to  the  neunl 
arches  and  spines,  they  give  off  an  inferior  or  hcrmal  ardi 
below  the  body  of  the  vertebne,  and  the  ha;mal  arches  cany 
inferior  spinous  processes  (hxmal  s[iines). 

The  ribs  of  a  bony  fish  are  attached  lo  the  transverse  pro- 
cesses, or  to  the  bodies,  of  the  abdominal  vertebras,  in  the  form 
of  slender  curved  bones  which  articulate  with  no  more  than 
one  vertebra  each,  and  that  only  at  a  single  point    Unlike  the 
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ribs  of  the  higher  Vertebrates,  the  ribs  do  not  enclose  a  thoracic 
cavity,  but  are  simply  imbecUleU  in  the  muscles  which  bound 
the  abdomen.  Usually  each  rib  gives  off  a  spine-like  bone, 
which  is  directed  backwards  amongst  the  muscles.  Inferiorly 
the  extremities  of  the  ribs  are  free,  or  are  rarely  united  to  der- 
mal ossifications  in  the  middle  line  of  the  abdomen;  but  there 
never  any  breast-bone  or  skmum  properly  so  called. 


Fig.  »75.~  Skeleton  of  the  common  Perch  {Perot  Jftrvtatilts'^  j*  Pectoral  fin ;  v  One 
l-ef  the  ventnl  (ins;  a  Anal  fin,  supported  unon  iuterspinous  bonen  {i);  c  Caudal  fin: 
«f  Fir^t  tj<>r«^  fin  ;  tf  Second  dorsal  fia,  boili  supported  upon  intenpinoui  bone«  ;  it 
tnlcrtpitiijus.  bunc»  ;   r  Ribs  ;    x  Spinous  pnccsus  of  vcrtcbnc  ;   k  Hwmal  proccjiscs  of 

vcitcbrK. 

Tho  only  remaining  bones  connected  with  the  skeleton  of 
the  trunk  are  the  so-called  interspinous  bones  (fig.  275^  i  /). 
These  form  a  scries  of  dagger-sbapeii  bones  plunged  in  the 
middle  line  of  the  body  between  the  great  lateral  muscles 
■which  make  up  the  greater  part  of  tho  body  of  a  fish.  The 
internal  ends  or  points  of  the  interspinous  bones  are  attached 
by  ligament  to  tho  spinous  processes  of  the  vertebr;E  \  whilst 
to  their  outer  ends  arc  articulated  the  "  rays  ''  of  the  so-called 
••  median  "  tins,  which  will  be  hereafter  described.  As  a  rule, 
•  there  is  only  one  interspinous  bone  to  each  spinous  process, 
but  in  the  Flat-fishes  (Sole,  Turbot,  &c.)  there  are  two. 

Beside  the  fins  which  represent  the  limbs  (pectoral  and 
'ventral  fins),  fishes  possess  other  fins  placed  in  the  middle  line 
of  the  body,  and  all  of  these  alike  are  supported  by  bony  spines 
or  "rays,"  which  are  of  two  kinds,  termed  respectively  '*spi- 
.noiis  rays  "  and  "  soft  rays."  The  '*  spinous  rays  "  are  simple 
fbony  spines,  apparently  composed  of  a  single  piece  each,  but 
really  consisting  of  two  halves  firmly  united  along  the  middle 
line.    The  **  soft  rays  "  are  composed  of  several  slender  spines 
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proceeding  from  a  common  base,  and  all  divided  transversely 
into  numerous  short  pieces.  The  soft  rays  occur  in  many  fishci 
in  different  fins,  but  they  arc  invariably  found  in  the  caudal 
fin  or  tail  (fig.  275,  r).  The  rays  of  the  median  fins,  M-hatcrcr 
their  character  may  be,  always  articulate  by  a  hinge-joint  with 
the  heads  of  the  interspinous  bones. 

The  sktiii  of  the  bony  fishes  is  an  extremely  complicated 
structure,  and  it  is  impossible  to  enter  into  its  composition 
here.  The  only  portions  of  the  skull  which  require  spetiii 
mention  are  the  bones  which  form  the  gill-cover  or  operculum. 
For  reasons  connected  with  the  respiratory  process  in  fishes, 
there  generally  exists  between  the  head  and  the  scapular  ardi 
a  great  cavity  or  gap  on  each  side,  within  which  are  contained 
the  branrhiEE.  The  cavity  thus  fonned  opens  externally  on 
each  side  of  the  neck  by  a  single  vertical  fissure  or  **  gilUlit," 
closed  by  a  broad  flap,  called  the  *' gill-cover"  or  "operculum,* 
and  by  a  membrane  termed  the  "  branchiostegal  membrane." 

The  gill-cover  (fig.  276,  /,  o^  j,  /)  is  composed  of  a  chain  ot 
broad  flat  bones,  termed  the  opercuhr  bones.     Of  these,  ihc 


Fig.  276.  — SltuU  or  Cod  iMerrhua  i'w4'«»'")— Cuvier.  a  Urohyal;  h  Bavlinl:  < 
Ceratohyal ;  d  Broach iostcgnl  rav^ ;  /  Pne-operculuin  ;  o  OpercultiiB  praper ;  ^SatHycrtj 
cnlnta^  i  Inter-otwrcutunii  m  Mandible;  m  IntcrnuxUlaiy  bocw. 

innermost  articulates  T\nth  the  skull  (tympano-mandibularaich), 
and  is  called  the  "  pra^-operculum  j "  the  next  is  a  large  bone 
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cd the  "operculum "  proper;  and  the  remaining  two  bones, 
cd  respectively  the  "  sub-operculuni  "  and  "  inter-opercu- 
forra,  widi  the  opercuium  i>roper,  the  edge  of  the  gill- 
er.  These  various  bones  are  united  together  by  membrane, 
knd  they  form  collectively  a  kind  of  movable  door,  by  means  of 
prhich  the  branchial  chamber  can  be  alternately  opened  and 
^hut.  Besides  the  gill-cover,  however^  the  branchial  chamber 
is  closed  by  a  membrane  called  the  '*  branchiostegal  mem- 
brane," which  is  attached  to  the  os  hyoides.  The  membrane 
b  supported  and  spread  out  by  a  number  of  slender  curved 
Kpines,  which  are  attached  to  the  lateral  branches  of  the  hyoid 
bone,  act  very  much  as  the  ribs  of  an  umbrella,  and  known  as 
jhe  "branchiostegal  rays"  (fig.  zyO,  t{), 

■  The  /hnbs  of  fishes  depart  considerably  from  the  typical  form 
&hibited  in  the  higher  Vertebrates.  One  or  both  pairs  of 
limbs  may  be  wanting*  but  when  present  the  limbs  are  always 
in  the  form  of  /ifis — that  is,  of  expansions  of  the  integument 
•irengthened  by  bony  or  cartilaginous  fin-rays.     1'he  anterior 

tbs  are  known  as  the  pectoral  fins,  and  the  posterior  as  the 
trai  fins ;  and  they  are  at  once  distinguished  from  the 
fiocalled  *' median"  fins  by  being  always  disposed  in  pairs, 

aJly  symmetrically.     Hence  they  are  often  spoken  of  as  the 

red  fins. 

The  fore-limbs  or  pectoral  fins  possess  in  a  modified  fonn 
t  of  the  bones  which  are  present  in  the  anterior  extremities 

the  higher  Vertfbrnta.  They  vary  much  in  size  and  in  other 
"liaraclers.  Sometimes  they  are  enormously  expanded,  as  in 
:lie  FljHng-fish  {Exoarius)  ;  and  at  other  limes  they  form  merely 
\  pair  of  paddles,  as  in  the  extinct  Picrichthys,  The  hind- 
imbs  or  ventral  fins  are  wanting  in  many  fishes,  and  they  are 
ess  developed  and  less  fixed  in  position  than  are  the  pectorals. 
*>  some  cases  the  ventral  fins  are  *^  abdominal  "  in  position, 
nd  are  placed  more  or  less  towards  the  hinder  part  of  the 
^Hiy  (as  in  the  Sharks.  Ganoids,  and  Mud-fishes).  In  other 
'^Ses,  they  are  *'  thoracic,"  that  is,  they  are  placed  beneath  the 
^Otorais ;  and  in  some  cases  they  are  situated  on  the  sides  of 
'^  neck  in  advance  of  the  pectorals,  when  they  are  said  to  be 
Jugular."  In  these  cases,  the  pelvic  arch  is  attached  to  the 
^ctora!  arch,  and  is  therefore  wholly  removed  from  its  normal 
Osition. 

In  addition  to  the  pectoral  and  ventral  fins — the  homologues 

^    the  limbs — which    may    be  wanting,  fishes  are  furnished 

''tth  certain  other  expansions  of  the  integument,  which  are 

median"  in  position,  and  must  on  no  account  be  confounded 

^ilh  the  true  "  paired ''  fins.     These  median  fins  arc  variable 
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in  number,  and  in  some  cases  there  is  but  a  smgi;  te 
running  round  the  posterior  extremity  of  the  body.  In 
cases,  however,  the  median  fins  are  "  azygous "— thu  « to 
say,  they  orcupy  the  middle  line  of  the  body,  and  ars  not 
symmetrically  disposed  in  pairs.     Most  commonly,  the  racdifli 
fins  consist  of  one  or  two  expansions  of  the  dorsal  intcguac^l 
called  the  "dorsal  fins"  (fig.  277,  d  d)  ;  one  or  t*oonr: 
ventral  surface  near  the  anus — the  "anal  fins"  (fig.  :77,i' 
and  a  broad  fin  at  the  extremity  of  the  vertebral  column. al!t> 
the  "  caudal  lin  "  or  tail  (c).     In  all  cases,  the  rays  whiti  >"  ■ 
port  the  median  fins  are  articulated  with  the  so-called  inti: 
spinous  bones,  which  have  been  previously  described  Tbotj^ 
called  *' median,"  from  their  position  in  the  middle  line  of '^ic 
body,  and  from  their  being  impaired,  the  median  finsoffaha 
as  shown  by  Goodsir  and  Humphrey,  are  truly  10  bertgM^ 
as  formed  by  the  coalescence  of  two  lateral  elements  in  ti« 
mesial  plane  of  the  body. 


ft 


Ftg.  377- — Outline  of  a  fish  {Perca  rruMm/ata).  .shoirinE  the  pairefl  and  m 
>  One  ol  the  pector&I  lins ;  r  One  of  ue  vcotrai  fins ;  it  tint  aonal  fin  ;  d'  Secoad 
sal  fin ;  d  Aiud  Ga  ;  c  Cauda]  fio* 

The  caudal  fin  or  tail  of  fishes  is  always  set  vertically  at 
extremity  of  the  spine,  so  as  to  work  ft-om  side  to  side,  andi 
is  the  chief  organ  of  progression  in  the  fishes.     In  its  vi 
position  and  in  the  possession  of  fin-rays,  it  difl^ers  altogcilw' 
from  the  horizontal  integimientary  expansion  which  constituto^ 
the  tail  of  the  Whales,  Dolphins,  and   Sirrrna  (Dugong 
Manatee).     In  the  form  of  the  tail,  fishes  exhibit  two  very 
tinct  types  of  structure,  termed  respectively  the  "  homocer"'*' 
and  "  heterocercal "  type  of  tail  (fig.  278).     The  homoc 
tail  is  the  one  which  most  commonly  occurs  in  our  tnc 
fishes,  and  it  is  characterised  by  tlie  fact  that  the  two  lob 


Fig,  178. — Taili  nf  difTcrcnt  fiihe*. 
«  Homoccrca)  tail  (Sword-fbh)  ;  ^  Uct- 
erocercal  uil  (Stuiseon-] 


equal,  and  the  vertebral  column,  instead  of  being 
ito  the  upper  lobe  of  the  tail,  stops  short  at  its 

2  heterocercal  tail,  on  the  other  hand,  the  vertebral 
olonged  into  the  up- 

Ehe  tail,  so  that  the 

unequally  lobed,  its 
on  being  placed  be- 
e.  Even  where  the 
>lLimn  is  not  pro- 
the  upper  lobe,  the 
svertheless  become 
I  in  consequence  of 
velopment  of  the 
s  as  compared  with 
ines  of  the  vertebrse. 
s  their  general  dis- 
timc^  the  geological 
shes  presents  some 
fCuHar  interest.  Of 
?s  of  the  great  sub- 
'criehraia^  the  fishes 
ist  in   point  of  or- 

It  might  therefore 
■easonably  expected  that  they  would  present  us 
it  indications  of  vertebrate  life  upon  the  globe ; 
indeed  the  case.  After  passing  through  the  cnor- 
of  deposits  known  as  the  Uiureutian,  Huronian, 
.nd  IjDwer  Silurian  formations — representing  an 
se  of  time  during  which,  so  far  as  we  yet  know, 

3  animal  had  been  created^we  find  in  the  Upper 
ks  the  first  traces  of  fish.  The  earliest  of  these,  in 
ind  in  the  base  of  the  Ludlow  Rocks  (Lower  Lud- 
ind  belongs  to  the  placoganoid  genus  Ptaaspis. 
L,udIow  Rocks,  but  at  the  summit  of  their  upper 
found  fin-spines  and  shagreen,  probably  belonging 
nt  fishes — that  is  to  say,  to  fishes  of  as  high  a 
^anisation  as  the  Elasmobratuhii.  So  abundant 
ins  of  fishes  in  the  next  great  geological  epoch — 
Devonian  or  Old  Red  Sandstone — that  this  i)eriod 
y  been  designated  the  *'  Age  of  Fishes."  Most  of 
the  Old  Red  Sandstone  belong  to  the  order  Gan- 
e  Carboniferous  and  Permian  Rocks,  which  close 
c  period,  most  of  the  fishes  are  still  Ganoid,  but 
)ntain  the  remains  of  many  Plagiostomous  fishes. 
of  the  Palaeozoic  and  the  commencemeat  of  the 
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Mesozoic  epoch,  the  Ganoid  fishes  begin  to  lose  thai  predomi- 
nant position  which  they  before  occupied,  though  they  continue 
to  be  represented  through  the  whole  of  the  Mesozoic  and  Kiia- 
ozoic  periods  up  to  the  present  day.  The  Ganoids,  iherclore, 
are  an  instance  of  a  family  which  has  endured  through  the 
greater  part  of  geological  time,  but  which  early  attained  its 
maximum,  and  has  been  slowly  dying  out  ever  since.  Towardi 
the  close  of  the  Mesozoic  period  (in  the  Cretaceous  period)  the 
great  order  of  the  Teleostean  or  Bony  fishes  is  for  the  tirst  time 
known  certainly  to  have  made  its  appearance.  The  ordtis 
of  the  Marsipobranchiiy  Pharyngol>rattchit\  and  Dipnoi  have 
not  left,  so  far  as  is  known,  any  traces  of  their  exbtencc  is 
past  time.  Judging  from  analogy,  however,  it  is  highly 
bable  that  the  two  former  of  these  must  have  had  a  vast 
quity,  and  it  is  not  impossible  that  the  so-called  "Conodoi 
from  the  Lower  Silurian  Rocks  of  Russia  may  yet  be  shown! 
be  the  horny  teeth  of  fishes  allied  to  the  Lampreys.  At 
sent,  however,  the  weight  of  evidence  is  in  favour  of  1( 
upon  these  problematical  little  bodies  as  probably  referable  to' 
some  of  the  Inverifbrata. 

These  so-called    *'  Conodonts "    are  microscopic  in 
dimensions,  and  have  the  form  of  "minute,  glistening,  slcDC 
conical  bodies,  hollow  at  the  base,  pointed  at  the  end,  morel 
less  bent,  with  sharp  opposite  margins"  (Owen).     They  si 
no  trace  of  dental  structure,   and  Professor  Owen  conclui: 
that  they  "have  most  analog)'  with  the  spines,  or  hooklcls,i 
denticles  of  Naked  Molluscs  and  Annclides." 

It  is  also  to  be  bome  in  mind  that,  though  it  has  not 
been  jjossible  to  definitely  refer  any  fossil  fishes  to  the  ord 
of  the  Dipnoi^  recent  discoveries  have  rendered  it  eAlrci 
probable  that  some  well-known  extinct  tvpes  really  belong  i 
this  order.  Thus,  the  great  "  Barramunda  "  ( CeraiSdus  foi 
of  the  rivers  of  Queensland  wovdd  seem  to  be  truly  referable: 
the  Triassic  genus  Ceratotius^  in  which  case  this  latter  must 
removed  to  the  Dipttoi,  This  remarkable  fish  also 
some  striking  points  of  resemblance  with  certain 
Ganoids,  such  as  Dipterus.  Upon  the  whole,  therefore, 
are  good  grounds  for  accepting  Dr.  Giinthcr's  suggestion 
the  JXiptwi  should  be  regarded  as  a  mere  sub-order  of 
Ganoids. 

In  the  following  chapter  are  given  the  orders  of  the  Fi 
with  the  leading  characters  and  geological  distribution  of 
The  order,  however,  of  the  Pharypigobranchii  (comprising  oi 
the  living  Lancelet)^  and  that  of  the  Marsipobranchii  (comj 
ing  the  Lampreys  and  Hag-fishes),  may  be  here  dismissedgj 
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known  to  be  represented  by  any  fossil  forms, 
emain,  therefore,  for  consideration  the  orders  of  the 
(Bony  Fishes),    Ganoidel  (Ganoids),  Elasmobraiuhii 
and  Rays),  and  /?/^ff«  (Mud-fishes). 


CHAPTER     XXIX. 

ORDERS  OF  FISHES. 

i.  Teleostei. — This  order  incUides  the  great  majority 
i  in  which  there  is  a  well-ossified  endoskeleton,  and  it  j 

>nds  very  nearly  with  Cuvier's  division  of  the  "osse- 
ihes.  The  /i/^oj/^  are  defined  as  follows:— 7>^<r  j^if/*?- 
luaJiy  well  ossijud ;  the  erauium  is  prai'idcd  with  cranial  ' 

ttd  a  mandibie  is  prtsmt ;   whilst  the  vertebral  colmnn  \ 

xlways  c&mists  of  nu>re  or  less  completely  ossified  vertebra.  \ 

'oral  arch  has  a  dax'icle ;  and  the  tivo  pairs  of  limbs ^  what  ! 

are  in  the  form  of  fins  supported  by  rays.     The  gills  are  I 

tinattd  or  luffed  in  shape^  a  bony  gill-corker  and  branchio- 
lys  being  always  developed.  The  branchial  artery  has  its 
elopfd  into  a  hilbus  arteriosus  ;  but  this  is  ncirr  rhyfhmi- 
itraclilcy  and  is  separated  from  the  ventricle  by  no  more 
'ingle  rotv  of  vaha.  I 

scales  in  theTeleostean  fishes  are  generally  thin,  homy,  I 

plates,  which  overlap  one  another,  and  have  the  "cy- 
or  "ctenoid  "  characters.  The  order,  therefore,  corres- 
in  a  general  way,  ^Wth  the  orders  Cfenoidei  and  Cycloidei 
ssiz.     Some  of  the  Teieostean  fishes,  however,  are  pro-  \ 

nth  ganoid  scales.  I 

iding  the  Leptoleptdir^  which  are  sometimes  referred  to  \ 

ler,  the  TeUostei  do  not  seem  to  have  any  representatives 
i  anterior  to  the  Cretaceous  period — that  is,  towards  the 
the  Mesozoic  period.  From  this  lime  on,  however,  Bony 
Yith  cycloid  or  ctenoid  scales  are  the  chief  fossil  repre-  1 

cs   of  the  whole  class  of  the   fishes,   and  the  order 
10  have  attained  its  maximum  at  the  present  day.  j 

order  TeUostei  is  divided  into  the  following  sub-orders  :  ' 

>RI>EK  A.  Mal^coi'teri,  Owcn  (=  Physostomata,  Miil- 
'his  sul>order  is  defined  by  usually  possessing  a  com-  j 

t  of  fins,  supported  by  rays^  all  of  which  are  '^ soft**  or 
linted,  with  the  occasional  exception  of  the  first  rays  in 
ai  and  pectoral  fins.     A  swim-bladder  is  always  present, 
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and  always  communicates  with  the  cesophagus  by  means  of  i 
duct,  which  is  the  homologue  of  the  windpipe.    The  skin 
rarely  naked,  and  is  mostly  furnished  with  cycloid  scales; 
in  some  cases  ganoid  plates  are  present. 

The  more  important  families  comprised  in  this  suborder , 
the  MurffHuics  (Eels),  the  CiupHtfa  (Herrings),  tlic 
{Esocid(t)^  the  Cyprwida  (Carp,  Chub,  Barbel,  &c),  and 
Saimonidot  (Salmon  and  Trout).  Few  of  these  families 
peared  in  rocks  older  than  the  Eocene  Tertiary.  The  Sok 
ida  are  only  sparsely  represented  in  deposits  older  than 
of  the  Post-Tertiary  epoch.  Tlie  Cyprinida  and  Hsodda 
both  represented  in  the  fresh-water  deposits  of  the  Tt 
period,  and  the  Afura/tidts  appear  for  the  first  time  in 
Eocene.     The  genus  Osmcroida  (fig.  279)  has  been  refc 


fig.  aTfl"— <■  Btry.T  (Otmereicifx)  Lntrnrtiju,  a  Pcrootd  fish  from  ihe  Cbilt: 

9.  Ottiurei^s  ManteUi,  a  Salmonoid  fish  froa  the  Cbadk. 

to  a  position  in  the  neighbourhood  of  the  Sa/monida^ 
dates   from   the   Cretaceous   period.       The  Clupeoids, 
make  their  first  appearance  in  the  Cretaceous  period, 
in  this  group  are  the  Sheat-fishes  (Si/uridis),  which  are  chw 
noticeable   because   they  are  amongst  the   small  nuraba  i 
living  fishes  possessed  of  structures  of  the  same  nature  I 


s  known  as  "ichthyodoruHles."  The  structure 
isists  of  the  first  ray  of  the  pectoral  fins,  which 
loped  and  constitutes  a  formidable  spine,  which 

erect  and  depress  at  pleasure.  Unlike  the  old 
itcs,"  however,  the  spines  of  the  Siiuridcs  have 
jdified  for  articulation  with  another  bone,  and 
tnply  hollow  and  implanted  in  the  flesh.  The 
e  also  remarkable  for  their  resemblance  to  cer- 
tinct  Ganoid  fishes  (r.^.,  Picrichihys^  C<tccosiais^ 
y  tlie  fact  that  the  head  is  protected  with  an  exo- 
rmal  bones.  The  Siluroid  fishes,  however,  are 
nted  at  all  in  the  fossil  state,  being  only  known 
e  doubtful  Tertiary  examples. 

B.  Anacanthimi. — This  sub-order  is  distin- 
e  fact  that  the  fins  are  entirely  supported  by 
id  never  possess  "  spiny"  rays  ;  whilst  the  ven- 
her  wanting,  or,  if  present,  are  placed  under  the 
1  or  in  advance  of  the  pectorals,  and  supported 
I  arch.  The  swim-bladder  may  be  Avanting,  but 
t  does  not  communicate  with  the  ccsophagus  by 

portant  families  in  this  sub-onler  are  the  Gadida 
nd  the  PUuroncdid(£  (Flat  Fishes).   The  Gadida 


htf  minimus. 


A  ftin^l  fouil  Turbot  from  the  Eocene  Tertiary  of 
Monte  Bolci. 


iving  Cod,  Haddock,  Whiting,  &c.,  and  appear 
Kistence  from  the  Eocene  Tertiary.  The  Piairo- 
ise  the  living  Sole,  Flounder,  Plaice,  and  the 
the  body  is  very  much  compressed  fi^om  side  to 
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side,  and  is  bordered  by  long  dorsal  and  anal  fins.  Th< 
of  the  head  are  twisted  in  such  a  manner  that  both  e 
brought  to  one  side  of  the  body.  The  fish  keeps  this  s 
permost,  and  is  dark-coloured  on  this  aspect ;  whilst  tht 
site  side,  on  which  it  rests,  is  while.  The  mouth  has  t 
sides  unequal,  the  pectorals  are  rarely  of  the  same  t 
ventrals  look  like  a  continuation  of  the  anal  fin,  and  ih 
chiostegal  rays  are  six  in  number.  The  PUuronectida  a 
known  ])y  two  or  three  fossils,  of  which  the  oldest  is  ll 
Rhombus  minimus  (fig.  280)  of  the  Eocene  dcix>sits  of 
Bolca. 

Sub-order  C.  Acanthoptf.ri. — This  sub-order  Is  ck 
ised  by  the  fact  that  one  or  more  of  the  first  rays  in  the 
in  the  form  of  true,  unjointed,  inflexible,  **  spiny"  raa 
exoskeieton  consists,  as  a  rule,  of  ctenoid  scales.     T 
fins  are  generally  beneath  or  in  advance  of  the  pect 
the  duct  of  the  swim-bladder  is  invariably  obliterated 

The  chief  living  families  of  this  sub-order  are 
family  (Perdda),  the  Mullets  (Afugi/i<i(r),  the  Mack 
(Scomberiiia),  the  Gurnards  (Scfcrogcftidie)^  the  Blenni 
niiJic),  the  Gobies  [Gobii/ia)y  and  the  Cha;todons  (( 
tidie).  The  fossil  representatives  of  this  sub-order  ai 
Tertiary ;  but  the  genus  Brryx  (fig.  279)  dates  from 
taceous  period.  In  the  Eocene  Tertiary  of  Monte  Bo 
several  remarkable  forms,  of  which  one  of  the  most 
the  Chcetodont  genus  Piaiax  (fig.  281). 

SuB-oRi>tR  I).  PLKcroGNATHi. — This  sub-OTdcT 
tensed  by  the  fact  that  the  maxillar>'  and  premjUtU 
are  immovably  connected  on  each  side  of  the  jaw, 
skeleton  is  only  partially  ossified,  and  the  vertebn 
often  remains  permanently  cartilaginous.  The  cxosh 
in  the  form  of  ganoid  plates,  scales,  or  spines.  TU 
fins  are  generally  wanting,  and  the  air-bladder  is  da 
a  duct 

This  sub-order  includes  the  living  Trunk-fishes  (i 
tides).  File-fishes  {Baiistidiz)y  and  Globe-fislies  (tT; 
The  fossil  forms  are  few  in  number,  and  the  earli 
the  Eocene  Tertiary.     They  are  chiefly  noticeab] 
semblance  to  the  tnie  Ganoid  fishes,  produced  by  tharj 
ally  ossified  endoskeleton  and  by  their  possession  of 
scales. 

Sub-order  K.  Lophobranchit — This  is  a  small  ind! 
portant  group,  mainly  characterised  by  the  peculiar 
of  the  gills,  which  are  arranged  in  little  tufts  upon  thd 
arches,  instead  of  the  comb-like  plates  of  the  typi 
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*he  endoskeleton  is  only  partially  converted  into  bone, 
{b  exoskeleton,  by  way  of  compensation,  consists  of 
plates.  The  swim-bladder  is  destitute  of  an  airducL 
!  sub-order  comprises  the  living  Pipe-fishes  (Syngna- 
and  Sea-Iiorses  {HippGcampidce),  A  few  fossil  forms  are 
,  dating  from  the  Eocene  Tertiary. 


cP/a/uj:  «//uj/mj«i4,  ii  LhictudiMil  fruiD  the  EdCcdc  IcrUury  uf  MunLc   Uulca. 

4er   II.    Ganoidei.— The    order   of  the  true   Ganoid 
^ay  be  defined  by  the  iollowing  characters. — The  cndo- 


f 
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skeleton  is  only  parliaUy  ossijud,  the  veriSral  column 
maining  cariiia^nous  throughout  iife^  apeciaUy  amongst  the 
forms  of  t/u  Pai(Si>zi>ic period,  in  lohich  the  notochorJ  is  fers, 
The  skull  is  furnished  with  distimt  cranial  bones^  and  the  ha^ 
jaw  is  presetd.  The  exoskeleton  is  in  the  farm  of  g<iMoid  uak 
plates,  or  spines.  There  are  usually  tivo  pairs  of  limbs,  w  A 
form  of  fins,  each  supported  l*y  fin- rays.  The  first  rays  ofthejm 
are  mostly  in  the  form  of  strong  spities.  The  pieetoral  arJt  hn  i 
clavicle^  and  tfu  posterior  limbs  (ventrtil  fins)  are  placed  ,:'■  ; 
antis.  The catuial  fin  is  mostly  unsymmeirieaJ  or  "  hetcr.w^r:^ 
Tlu  stoim-bladder  is  always  present,  is  often  cellular ^  and  is  ff 
videJ  ivith  an  air-duct.  The  intestine  is  often  furnished  wA  « 
spiral  valve.  Tlu  gills  and  opercular  apparatus  are  essentiaSf 
the  same  as  in  the  Bony  fishes.  The  heart  has  one  aurtcle<adk 
ventricle,  attd  the  base  of  the  branchial  artery  is  dilated  inlt  i 
bulbus  arteriosus,  which  is  rhythmically  contractile^  is  fttmidd 
with  a  distinct  coat  of  striated  muscuktr  fibres^  euid  is  pr^dM 
with  srt'cral  trattsverse  rorvs  ofx*ahes. 

Of  these  characters,  those  which  it  is  most  iropomnt  to 
remember  are  the  following  : — 

I.  The  endoskcleton  is  rarely  thoroughly  ossified,  but  varidi 
good  deal  as  to  the  extent  to  which  ossification  is  carried  li 
some  forms,  including  n\ost  of  the  older  members  of  the 
the  chorda  dorsalis  is  persistent,  no  vertebral  centra  a 
veloped,  and  the  skull  is  cartilaginous,  and  is  protected 
ganoid  plates.  Even  in  these  fomis,  however,  the  peri 
elements  of  the  vertebrre  are  ossified.  In  others,  the 
tlie  vertebra;  are  market!  out  by  osseous  or  semi-cart 
rings,  enclosing  the  primitive  matter  of  the  notochord 
others,  the  vertebne  are  like  those  of  the  Bony  fishes 
to  say,  deeply  biconcave  or  **  amphicoelous,"  In  one 
however — the  Bony  Pike  {Lepitlosteus) — the  vertebral  col 
consists  of  a  series  of  *'o|>isthocoelous"  vertebrae — that  i 
say,  vertebra;  which  are  convex  in  front  and  concave  l>eh 
This  is  the  highest  point  of  development  reached  in  the 
column  of  any  fish^  and  its  structure  is  more  Reptilian 
Piscine- 

II.  'Y\\ft  exoskeleton  consists,  in  all  Ganoid  fishes,  of 
plates,  or  spines,  which  are  said  to  possess  ganoid  ch*n 
The  peculiarities  of  these  scales  are  that  they  are  conif^t^ 
two  distinct  layers — an  inferior  layer  of  bone  and  a  iup 
covering  of  a  kind  of  enamel,  somewhat  similar  to  ihct 
of  the  teeth,  called   ''  ganoine."     In  form  the  ganoiff 
most  generally  exhibit  themselves  as  rhomboidal  phici 
edge  to  edge,  without  overlapping,  in  oblique  rows,  iJn 
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of  each  row  being  often  articulated  to  those  of  the  next  by 
<fctinct  processes.  In  other  cases  the  ganoid  stnictures  are 
aamplyin  the  form  of  detached  plates,  tubercles,  or  spines;  and 
in  some  cases  their  shape  is  even  undistinguishable  from  the 
lioniy  scales  of  the  typical  Teleostean  fishes.  In  all  cases, 
iKwever,  whatever  their  form  may  be,  they  have  the  distinctive 
pnoid  structure,  being  composed  of  an  inferior  layer  of  true 
©one  and  a  superior  layer  of  enamel.  It  is  to  be  remembered, 
"bowever,  that  these  ganoid  plates  and  scales  are  not  confined 
to  the  fishes  of  the  order  Gaftoidci^  but  that  they  occur  in  two 
rs  of  the  Bony  Fishes — namely,  the  Piecio^athl  and 
nuhii — and  in  some  others  of  the  Tdwstci  ViS  well. 
111.  As  to  the  ^>/i,  both  pectorals  and  vcntrals  are  usually 
present,  and  the  ventrals  are  always  placed  far  back,  in  the 
neighbourhood  of  the  anus,  and  are  never  situated  in  the  im- 
BwiLite  vicinity  of  the  pectorals.  In  some  living  and  many 
extinct  forms  the  fmrays  of  the  paired  fins  are  arranged  so  as 
to  fomi  a  fringe  round  a  central  lobe  (fig,  282).     This  struc- 


r»»nfjiil   Fifthe*.     A,   Prtjf^ttnu  (nccnl) ;  ^,Otirafffiu  (extinct),     d  One 
fin«.  thowinff  the  fin-niyt  arranccd  round  a  central  lobe  ;  i>  One  of  ihe 
ffivt  ;  c  Aju]  fin  ;  d  Donal  fin  ',  d  Second  donal  fia- 

rharaclerises  a  division  of  Ganoids  called  by  Huxley,  for 

rt:ason,  Crossopierygidic^  or  "  fringe-finned."     The  form  of 

caudal  fin  varies,  the  (ianoids  being  in  this  res[>ect  irUer- 

liate  between  the  Bony  fishes,  in  which  the  tail  is  "  homo- 

iL"  and  the  Sharks  and  Rays,  in  which  there  is  a  "  hctero- 

caudal  fin.     In  the  majority  of  Ganoids,  then,  the  tail 

symmetrical  or  "heterocercal,"  but  it  is  sometimes  equi- 

OT  "homocercal." 
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As  regards  the  general  distribution  in  time  of  the  Gc 

the  oldest  representatives  of  the  fishes  belong,  so  far  as  it^ 
known  witli  certainty,  to  tills  order.     The  order,  nometj.  ,_ 
represented  in  the  Upper  Silurian  Rocks   of  Bohemia  ind' 
Britain  by  several  Ganoid  fishes,  which  have  been  referred  to 
five  distinct  genera.     In  the  Devonian   Rocks,  or  OM  Red 
Sandstone,  the  Ganoids  attain  their  maximum.     The  wnguUr 
family  of  the  Cep/ialaspidts  appears  to  die  out  finally  at  the 
close  of  this  period,  and  the  great  group  of  the  Crossx^ptrry^d^ 
attained  here  its  highest  development,  being  represented  at  a« 
present  day  by  the  single  genus  Polypterus.    The  Carl)-     ' 
and  Permian  Rocks  contain  an  abundance  of  Lepid . , 
In  the  Mcsozoic  period,  the  Lepidoganoids  are  vcrj'  i< 
represented  by  various  extinct  types,  many  of  which  IJeloi 
the  family  of  the  Lepidosteidct — represented  at  the  present 
by  the  Bony  Pike  or  Gar-pike  of  North  America.     Here, 
we  have  for  the  first  time  representatives  of  the  family  of  j 
Sturionidit^  to  which  the  living  Sturgeons  belong.     I^asth 
the  Oolitic  Rocks  appear  for  the  first  time  Lepidoganoids 
homocercal  tails,  and  they  continue  to  l>e  represented 
the  present  day.     In  the  Tertiary  Rocks  true  Sturgeons  [a 
penscr)  make  their  appearance  ;  but  the  Ganoids  are  now 
siderably  outnumbered  by  the  Teleostean  fishes  ;  and  the 
have  a  still  more  marked  predominance  at  the  present  day. 
The  classification  of  the  Ganoid  ^'ishes  has  hitherto  provi 
matter  of  extreme  difficulty ;  and  probably  no  arranj 
that  has  been  as  yet  proposed  can  be  regarded  as  being,  ia] 
its  details,  more  than   provisional.     A   convenient  prii 
division    is   that   into  Lcpido^atwidSy    in    which    the  body 
furnished  with  scales  of  moderate  size,  and  the  endoskcletoo 
is  generally  more  or  less  perfectly  ossified;  and  Piacosanoidi, 
in  whirh  the  skeleton  is  imperfectly  ossified,  and  the  head  and 
tiiore  or  less  of  the  body  are  protected  by  large  ganoid  plates, " 
which  in  many  cases  are  united  together  by  sutures.     Atc( 
ing  this  division,  the  order  Gauoidci  may  be  divided  into 
following  sub-orders : — 

SecTmN  I.    Lepidocanoidei. 
Sub-order  A.  Amiada, 

—  -— B.  Ldpidosttidtx, 

-       C.   Ltpidopleurida, 

D.   Crosiopteryptda, 

■■         E.  Acauthodiaa. 

Section  2.    Pi.acoganoidbi. 
Sub-order  F.  Ostra^ostfi. 
— — —  G.  SfHrwmda, 
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position  of  at  least  tAvo  of  these  sub-orders  (viz.,  v^^ran- 
iiiia  and  Ostracostei)  in  the  order  of  the  Ganoids  is  question- 
S;  whilst  the  Stttrionidm  have  been  referred  elsewhere.  In 
'  case,  the  number  of  forms  included  in  these  sub-orders  is 
arge  that  nothing  more  can  be  done  here  than  simply  to 
w  attention  to  some  of  the  more  striking  examples  of  each. 
iUB-ORDER  A.  Amiad.'e. —  In  this  sub-onler  are  included 
joids  in  which  the  scales  are  rounded  and  overlap  one  an- 
er,  and  the  tail  is  homocercal.  The  vertebral  column  is 
Acd,  and  the  external  appearance  appronrhcs  clo.'^ely  to 
t  of  an  ordinary  Teleostean  fish.  A  few  fossil  forms  from 
Tertiary  Rocks  have  been  more  or  less  doubtfully  referred 
his  group;  and  the  sub-order  is  represented  at  the  present 
'  by  various  American  fishes,  all   belonging  to  the  genus 

JuB-oRDER  B.  Lf.pidosteid^r  —  Scales  rhomboidal,  not 
rlapping;  tail  hetcroccrcal,  sometimes  homocercal ;  paired 

not  lobate;  fin-borders  generally  with  fulcral  scales;  true 
nchiostegal  rays.  This  sub-order  is  represented  at  the 
9€ni  day  by  the  Gar-pike  {Ltpidosteus)  of  the  North  .\meri- 

continent,  and  it  attained  its  greatest  development  in  the 
sozoic  period.  The  exact  range  of  the  sub-order  in  time  is 
ertain,  as  it  has  not  yet  been  determined  what  forms  should 
included  in  it.     If  ChnrtyUpis  be  exchided^  the  sub-order  is 

represented  at  atl  in  the  Devonian  Rocks.  In  the  Car- 
iiferons  and  Permian  Rocks  the  sub-order  is  mainly  repre- 
ted  by  the  genera  Paiaoniscus  and  Ambiyptcrus  (fig,  283),  in 
ch  the  tail  is  heterocercal^  and  the  jaws  are  furnished  with 


Fig.  lAy—Atmhtypt^ru*  mstcrv^Ut 


Carbonirenra*. 


nerous  minute  teeth,    Nnmeroits  species  of  these  genera  are 

>wn  in  the  above-mentioned  formations,  and  both  appear  for 

last  time  in  the  Trias.      In  the  Secondary  Rocks  Ltpido- 

ff  are  extremely  abundant,  the  chief  forms  belonging  to  the 
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families  Dapidida^  Lepidotida^  and  Leptolepidct.     In  the  ZXi/di- 
d(Z  (fig.  284,  i),  the  tail  fin  is  only  slightly  hcteiocercol,  andibc 


Fig.  784 — I.  Dn^JtMS  tfira^tmtJe^M.     a.  LtpiaU^iM  s^r^ti/trmtii. 

back  teeth  are  olituse.     Dapaiius  itself  is  compressed  and 
bodied,  and  is  exclusively  confined  to  the  Lias.    Thefront-W 
in  this  genus  are  notched  or  bifurcate.      ^Echtnodus  is 


r< 


< 


V 


Hj 


Fij[.  9&5.^7*r/rn^fm«4>/r/i!r  Crestored).     Lias. 


exclusively  Liassic  ;  but  Scmlottotus  and  PhoUdtyphcrus 
upwards  to  the  Chalk  or  to  the  highest  Oolitic  simta. 
Oolitic  genus  Tctra^onolepis  (fig.  285)  is  closely  similar  to 
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tds^  but  the  front  teeth  are  not  notched  The  body  is 
ttly  compressed,  and  there  is  a  single  long  dorsal  fin. 
t  place  of  this  genus  is  disputed,  and  it  is  often  referred 
the  Pycruhionts,      Ihe  Lepidotidte  have  a  homocercal  tail 

283,  3),  and  possess  obtuse  teeth.  The  type-genus, 
idottts^  ranges  from  the  Lias  to  the  Eocene  Tertiary, 
r  LeptoicpidiS  (fig.  283,  2)  have  also  a  homocercal  tail,  and 
icss  small  rounded  scales.  The  species  of  this  family  are 
Secondary  in  their  distribution. 

UB-ORDER  C.  Lepidoplelurid.-e. — "  Ganoids  with  hetero- 
:al  equilobate  tails.  Body  rhomboidal,  covered  with 
mbic  scales,  articulated  by  strong  ribs  traversing  their 
;rior  margins  internally.  Dorsal  fin  equal  to  half  the 
5th  of  the  trunk.  Anal  fin  also  with  an  elongate  base. 
itrals,  when  present,  small.  Paired  fins  non  -  lobate. 
nchiostegal  rays  not  taking  the  form  of  broad  plates. 
rochord  persistent.     Arches  well  ossified." — (Young.)    The 

most  important  families  of  this  sub-order  are  the  Platy- 
idcR  and  PyotodoiitUa ;  of  which  the  former  is  mainly 
boniferous  and  Permian,  whilst  the  latter  is  almost  ex- 
iively  Mesozoic     In  the  genus  Piatysomus  (fig.   286)  the 


Tvg.  9!i6,—Pt*tywmus gMcita.    Middle  Penniao. 


is  heterocercal,  the  dorsal  and  anal  fins  are  long,  the 
:lorals  are  small,  and  the  ventrals  ajjpear  to  be  wanting, 
e  teeth  are  conical  and  uniserial,  and  the  body  is  deep 
1  compressed  from  side  to  side,  'Jhe  Piatysomi  are  mainly 
nd  in  the  Permian  Rocks.  In  the  true  Pycnodtmis  the 
th  are  multiscrial,  and  are  adapted  for  crushing ;  consisting 
"  a  circular  or  transversely  oval  crown,  flattened  above, 
i  sessile  on  the  bone  to  which  it  is  attached ;  or  of  an 
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obtusely  conical  crown,  which  is  broader  than  its  peduncle  of 
support"  (Young).  The  Pycnodonts  are  mainly  Oolitic,  but 
a  few  Cretaceous  species  are  known,  and  one  form  has  bcco 
described  from  the  Eocene  Tertiary.  The  Triassic  Plaasiut, 
formerly  referred  to  this  family,  is  now  known  to  be  tnilj 
Keplilian. 

Sub-order  D.  CrossopterygidjC. — "Dorsal  fins  two,  or, 
if  single,  muUifid  or  very  long;  the  pectoral,  and  usual!)  the 
ventral,  fins  lobate ;  no  branchiostegal  rays,  but  two  princtpil, 
with  sometimes  lateral  and  median,  jugular  plates,  sitiuto] 
between  the  rami  of  the  mandible  ;  caudal  fin  diphycerxal,  or 
heteroccrcal ;  scales  cycloid  or  rhomboid,  smooth  or  $cul|>-, 
tured."— (Huxley.) 

All  the  Ganoids  of  this  sub-order  are  pre-eminently 
tinguished  by  the  structure  of  the  paired  fins,  the  pccionls 
always,  and  the  ventrals  usually,  consisting  of  a  central  lobe 
or  stem,  which  is  covered  by  scales,  and  to  the  sides  of  wlncA 
the  fin-rays  are  attached.  The  nearest  approach  !o  liis 
structure  amongst  living  fishes  is  found  in  the  paired  fins  o^ 
the  Barramunda  {Ceraiodits  Fos/rri)  of  the  rivers  of  Qucca** 
land.  In  this  singular  fish,  which  is  at  present  referred  tolhc 
order  of  the  Dipnoi^  the  pectoral  and  ventral  fins  arc  sup: 
by  a  median^  many-jointed,  cartilaginous  rod,  to  which  nui 
rous  lateral  branches  arc  attached.  The  scales  in  this 
order  are  sometimes  rhomboidal,  not  overlapping  one  anoi 
at  other  times  they  are  cycloidal  in  shape,  and  arc  arrar 
in  an  imbricate  manner. 

Professor  Huxley  divides  the  Crossopterygitia  into  the  fd 
lowing  families.  {See  *  Memoirs  of  the  Geological  Surveyi 
Great  Britain.     Decade  X.') ; — 


Fan).  I.— PoLVPTERtt, 

Dorsal  fin  vcrv  long,  multiBd ;  scales  rhomboidal. 
Po!yf>ta^ts  (fig.  282). 

Fam.  2. — SAVRODII'TERINr. 

Dorsal  fins  two ;  scales  rhomboidal,   smooth  ;    fins  sab-ac 
lobate. 

DiplopUrus^  Ostfoitpis  (fig.  282),  MtgtUkhthyt* 

Fam.  3.— Glvptodipterim. 

Dorsal  fins  two ;  scales  rhomboidal   or  cycloidal.   scid[ 
pectoral  fins  acutely  lobate;  dentition  dcndrodonL 
Sub-fam.  A.  with  rhomboidal  scales. 

Glyptoliemus  {(ig.  287),  Glyptopomns^  Gyro^chius. 
Sub-fam.  B.  with  cycloidal  scales, 

Ho!optychms   (fig.   288),    GlyptoU^is^   Phiy^Haikui   [JW 
Dertdrodi4Si  Cricodus^  LamnodHs], 
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4.— CnNODirTERisi. 

Donal  fins  two  ;  scales  cycloidal ;  pectorals  and  venimls  aculeljr 
lobule;  dentition  clenodt?nt. 

Diptents  \Ceri%todm  i  Tristiihopterus  f\ 

5. — Phaneropleurini. 

Dorsal  fin  single,  very  long,  not  subdividetJ,  swpnortcil  bv  many 
interspinous  banes  ;  «ri:a]es  thin,  cycloidal ;  teetii  conical  ; 


I 

^^^  interspinous  lianes  ;  «ri:ales  thin,  cycioidai  ;  teetJi  conical 

^^B  trul  fins  very  long,  acutely  lobate. 

^^  PhanerofifUTQn  (fig.  290). 

i    Fam.  6. — C*xl.\canthini, 

^^  Dorsal  fins  two,  each  supnorted  by  a  single  interspinous  bone ; 

^L  scales  cycloidal ;   paired  fins  obtusely  lobate  ;  air-bladder  usisi- 

^f  fied,       Caiacanthus,  (/rnfifta,  Macropcma, 

As  regards  the  distribution  of  the  Crossopt^'gida  in  time, 
professor  Huxley  remarks: — "Of  the  six  families  which  com- 
pose it,  four  are  not  only  Paltcozoic,  but  are,  some  exclusively, 
■xid  all  chiefly,  confined  to  rocks  of  Devonian  age — an  epoch 
in  which,  so  far  as  our  present  knowledge  goes,  no  Ash  belong- 
ing to  the  sub-orders  of  the  Amiadis  and  Lfpidostddiz  (un- 
llcss  Chdroieph  be  one  of  the  latter)  makes  its  appearance. 
jKapidly  diminishing  in  number,  the  Crossopterygidas  seem  to 

have  had  several  representatives  in  the  Carboniferous  epoch  ; 
"bwl  after  this  period   (unless   Ceratodus  be  a    Ctenodipttrme) 

they  are  continued  through  the  Mcsozoic  age  only  by  a  thin, 

E**^"""h  continuous,  line  of  Ccelacanthini,  and  terminate,  at  the 
\K  dav,  in  the  two  or  three  knowi  species  of  the  single 
Polypients:* 
the  extinct  types  of  this  sub-order,  some  are  sufficiently 
tant  to  merit  especial  mention.      In  the  family  of  the 
^^ureiiiptfrtni\  the  genus  OsUolcpis  (fig.  282)  has  a  very  hetero- 
,  ctTcal  tail  and  smooth  scales.     The  first  dorsal  is  placed  near 
I  ibc  centre  of  the  back,  and  the  mouth  is  furnished  with  sharp 
teeth.    AH  the  species  of  this  genus  are  Devonian.     The  Car- 
I  boniferous  genus  McgaiUhihys  appears  also  to  belong  here. 
In  this  singular  genus  are  large  "  sauroid  *'  fishes  with  helcro- 
tails,  rhomboidal  scales,  and  great  conical  incur\'ed  teeth, 
are  mostly  smooth,  but  are  sometimes  finely  ridged. 
the  Giyptodipterini  with  rhomboidal  scales,  GlypUdtEfnus 
2S7)  may  be  talven  as  the  tvT>e.     In  this  singular  fish,  the 
t  body  is  elongated  and  the  head  depressed.      There  are  two 
\  dotsal  fins  which  are  placed  very  far  back,  and  the  vcntrals 
'  hare  a  similar  posterior  position.      The  tail  is  "divided  into 
'tiro  equal  lobes  by  the  prolonged  conical  termination  of  the 
ibody,"  becoming  thus  "  diphycercal."     Glvptoiamus  is  exclu- 
Ji'vely  confined  to  the  Devonian  period. 


328 


ORDERS   OF  FISHES. 


Of  the  Glyptodipterims  with   cycloidal   scalc$i   the 
iraportant  fonn  is  Hohptychius   <fig.   288).       In    this  genu 
there  are  two  dorsal  fins   placed   very  far  back,  and 


Fie.  2'&7-—Gtyptoiamms  Kintuunii.    Restoml.    A.  Scale  of  the  sune. 


Fig.  a88. — ffoicftychiui  Hobilutimtu.    Restored.    A,  Scale  or  Uie 


ventrals  are  similarly  approximated  to  the  tail,  as  in  ^•■'^' 
lizmus.     'i'he  body,  however,  is  covered  with  large  sc. 
cycloidal  form,  which  overlap  one  another,  and  ha%-e  wui/-^' 
surfaces  \  and  the  tail  is  inequilobed.      The  teeth  are  trf'  w 
sizes,  and  the  larger  ones  are  longitudinally  striated  at 
bases.     The  true  Hohptychii  are  Devonian  in  their 
tion.     In  the  Carboniferous  Rocks,  however,  occurs  then* 
allied  genus  Rhhodus  (fig.  289),  in  which  the  teeth  a^' 
those  of  Hohptychius  in  being  of  two  sizes,  but  they  diferi 
being  trenchant  on  both  sides.     Rhiz<Hius  must  haw  at 
a  large  size,  and  must  have  been  highly  predaceocs  ifl ' 
habits. 

The  type-genus  of  the  Ctmodipterini  is  DipUr^s^  v* 
the  position  and  form  of  the  fins  are  very  much  the 
in  Hohptychius,      The  body  is  also  covered  with 
overlapping  scales ;  but  these  scales  are  smooth, 
is  protected  by  a  kind  of  helmet  formed  of  the  01 
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anial  bones,  and  the  teeth  are  conical  in  form  and  nearly 
jual  in  size.     The  species  of  Diptcnts  are  all  Devonian. 


Fig.  vSq. — Jaw  of  Rhisodtu  tiihhtrii,    Carbonlferons. 


The  family  Phanopkuntii  comprises  only  the  single  genus 
pkuneropleuroit  (fig.  290),  whi<  h  is  probably  exclusively  De- 
vonian. In  this  singular  genus  the  scales  are  very  thin, 
cycloidal,  and  overlapping  one  another.  The  dorsal  fin  is 
extremely  long,  and  is  confluent  with  the  tail-fm,  and  the  pec- 
torals and  ventrals  are  actitcly  lobatc.  The  jaws  arc  anned 
viiha  single  series  of  short  conical  teeth,  and  the  notochord 

r 


PhatttropUmtwi  An4*rt9Hi ajaA  scale. 

ly,  the  family  of  the  Ca'laavithi  comprises  forms  which 
from  the  Devonian  to  the  Cretaceous  period,  and  which 
Giistinguishcd,  in  the  typical  genera,  by  having  hollow  fin- 
'^nDC$,  by  having  two  dorsal  fins,  each  supported  by  a  single 
I  irttrspinous  bone,  by  having  cycloidal  overlapping  scales,  and 
hy  the  remarkable  peculiarity  that  the  swim-bladder  was  ossi- 
ied.  The  type-genus  Caeiacanthus  seems  to  range  from  the 
Carboniferous  to  the  Trias. 
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SuB-oRDEU  E.  AcANTHODiD.c — Scalcs  exceedingly  smaH. 
shagreen-like ;  the  front  of  each  fin  proinded  with  a  Jtronj 
spinci  simply  implanted  in  the  flesh ;  no  distinctly  ossified 
cranial  bones  ;  no  operculum  ;  tail  heterocercal.  In  their  fo- 
spines,  and  in  some  other  points,  the  AcanthoiiUitz  approjumate 
closely  to  the  Eiasmohranchii ;  but  they  are  generally  reganirt] 
as  an  order  of  the  Ganoidd.  The  Acant/ioifufa  are  miinly 
Devonian,  but  some  forms  occur  in  the  Carboniferous  Rocki 
and  a  species  from  the  Permian  Rocks  has  been  doubtfallr 
referred  here.     Amnihodes  (fig.  291 )  has  a  single  dorsal  fin,  lal 


Fig.  sgt.— I.  AcnmtkMift  MitckflU,    a.  CUmatitu  tcmUgwr. 

3.  Di/tttcaNthn$  gnuilu.    Devonian. 


( 


is  represented  in  both  Devonian  and  Carboniferous  deposit 
Dipkuanthxis  (fig.  291,  3)  has  two  dorsal  6ns,  and  is  exclusivrif 
confined  to  the  Devonian  Rocks. 

Sub-order  F.  Ostkacostei.  —  The  Ganoids  of  this  sat 
order  are  characterised  by  having  the  head,  and  gcneraliy  the 
anterior  portion  of  the  trimlc  as  well,  encased  in  a  strt 
mour  composed  of  numerous  large  ganoid  y^Iates,  imnit 
united  to  one  another.  The  posterior  extremity  of  the 
is  more  or  less  completely  unprotected  ;  and  whilst  the 
chord  is  persistent,  the  peripl1cr.1l  elements  of  the  vi 
are  ossified.  The  fishes  belonging  to  this  section 
most  ancient  of  their  class,  commencing  in  the  Upper  S' 
Rocks,  They  extend  through  the  Devonian  series,  1 
not  known  to  \\aNft  syktMvved  uUo  the  Carboniferotu 
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rhey  have  generally  been  ]>faced  amongst  the  Ganoids ;  but 
Vofessor  Huxley  has  pointed  out  that  they  present,  many  of 
hem,  features  by  which  they  approximate  closely  to  the  Silu- 
tsids  amongst  the  Teleosteans.  The  more  important  genera 
ncluded  in  this  sub-order  are  Cephaiaspis,  Ptcraspis^  Coccastius^ 
ind  Ptcrichihys. 

Cephaiaspis  (fig.  292)  is  the  type  of  Ihe  family  of  the  Cephal- 
tspida,  and  is  readily  recognised  by  the  fact  that  the  cephalic 
tbield  has  its  posterior  angles  produced  into  long  "  cornua," 


Fif.  391.— C<*/A<r/<M/u  LytUii.    (After  Page.)    Old  Red  Sandstone. 

Kiving  it  the  shape  of  a  **  saddler's  knife."  Besides  these  la- 
teral comiKi,  there  is  a  "  posterior  cornu  "  or  spine,  formed  by 
prolongation  backwards  of  the  hinder  margin  of  the  shidd  in 
the  middle  line.  The  orbits  arc  approximated,  and  are  placed 
nearly  in  the  centre  of  the  cephalic  shield.  No  jaws  or  teeth 
are  known,  and  the  month  was  probably  soft,  and  adapted  for 
suction.  The  head-shield  exhibits  vascular  canals,  and  shows 
very  distinct  bone-cells  when  examined  in  thin  sections  under 
the  microscope.  The  body  is  covered  with  ganoid  scales,  and 
there  is  a  well-marked  dorsal  fin.  Pectoral  fins  have  also  hecn 
described,  and  the  tail  is  clothed  with  a  heterocercal  fin.  In 
the  nearly  allied  Auchenaspis^  the  stmcture  is  very  similar  to 
the  above,  but  there  is  no  spine  or  *'  posterior  comii,"  and 
there  is  instead  a  neck-plate  fonned  by  an  extension  backwards 
ftotci  the  cephalic  shield.  The  CephaiaspuiavLrat  mainly  found 
in  the  Old  Red  Sandstone,  the  commonest  species  being  C. 
Lye.liii.  Other  species  arc  found  in  the  "passage-beds" 
between  the  Silurian  and  f)ld  Red,  and  the  genus  is  not 
wholly  unrepresented  in  the  Upper  Silurian  deposits. 

In  the  genus  Pferaspis  (fig.  293)  the  head  is  defended,  as  in 
Cephahispisy  by  a  shield  or  buckler,  which  is  composed  of  seve- 
ral pieces  firmly  anchylosed.  The  shield  consists  of  a  central 
disc,  the  lateral  angles  of  which  are  produced  into  shovX  toiwui. 
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Fig.  3fji-  —  Cephalic 
Imcklernf  rtfraspts  (C>- 
athas^h)BstHksii.  From 
ihe  Upper  Ludluw  Ruclcs 
of  LiiitifW,  (AacrMur- 
■  I 


whilst  it  is  extended  into  a  rostrum  in  front-  The  posiaior 
spine  is  very  small,  and  is  attached  to  the  disc  as  a  sqwjitc 
piece.  The  orbits  are  situated  laierallj. 
The  minute  structure  of  the  shield  is  TOt 
complex,  consisting  of  three  layers.  Tbe 
innermost  layer  is  laminated,  and  is  Di- 
versed  by  vascular  canals.  The  middle 
layer  is  made  up  of  polygonal  ca>Tlie»; 
and  the  outer  layer  is  structureless  « 
fibrous,  and  is  finely  striated  or  grooii'ttl 
The  body  was  covered  with  scales ;  br.i 
nothing  is  known  of  the  nature  of  the  ^vi-^ 
The  genera  Cyathaspis  and  5=  • 
have  been  founded  upon  forms  wlur 
usually  been  placed  under  PteraspiSy  and 
which  differ  in  more  or  less  essential 
points  from  the  typical  species  of  this 
genus.  The  genus  Picraspis^  so  far  as  yet  known,  comprises 
the  most  ancient  of  the  fishes,  commencing  as  it  does  in  ibe 
earlier  portion  of  the  Ludlow  fonnation  (Upper  Silurian). 
Other  species  are  known  in  the  Old  Red  Sandstone ;  but  the 
genus  appears  to  have  entirely  disappeared  before  the  doseef 
the  Devonian  period. 

In  the  genus  Coccosieus  the  head  was  protected  by  a  i^^ 
shield,  the  plates  of  which  are  covered  with  small  hemispheri- 
cal tubercles.  There  is  also  a  ventral  or  '* sternal''  sliield. 
which,  according  to  Huxley,  seems  to  have  had  no  direct  coft- 
nection  with  the  cephalic  buckler.  The  mouth  was  funuslwd 
with  a  distinct  lower  jaw  or  "mandible/'  composed  oi 
rami,  carr}nng  small  teeth.  The  notochord  was  persistent, 
the  neural  and  hj^mal  spines  of  the  vertebne,  and  the  tav 
the  dorsal  and  anal  fins^  are  well  ossified.  A  heierocercaJ 
fin  was  doubtless  present  as  well.  The  genus  Coccosfms 
essentially  Devonian  ;  but  a  species  has  been  discovered  br 
M.  Barrande  in  the  Upper  Silurian  of  Bohemia. 

In  the  ^tx\^^?^  Pta-khthys  (fig.  294)  are  some  very  rei 
fishes,  first  discovered  in  the  Old  Red  Sandstone  by  the 
Hugh  Miller,,  and  nearly  related  in  most  respects  to  Cwi'J 
The  whole  of  the  head  and  the  anterior  part  of  the  trunk 
defended  by  a  buckler  of  large  ganoid  plates  suturally  uml 
those  covering  the  trunk  forming  a  back-plate  and  a  brcatf 
plate  articulated  together  at  the  sides.     The  rest  of  the 
was  covered  with  small  ganoid  scales.     A  small  dorsal  fii 
pair  of  ventrals,  a  pair  of  pectorals,  and  a  hetcrocercal  tail- 
were  present     The  form  of  the  pectoral  fins  is  the  pccuK 
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laracteristic  of  the  genus.  These  were  in  the  form  of  two 
curved  spines,  somewhat  like  wings,  covered  by  finely- 
tubcrculated  ganoid  plates.  From  their  form  they  cannot 
have  been  of  much  use  in  swimming ;  but  ihcy  probably,  as 
suggested  by  Owen,  enabled  the  animal  to  shuffle  along  the 
sandy  bottom  of  the  sea,  if  stranded  at  low  water.  All  the 
species  of  Ptcrichihys  are  exclusively  confined  to  the  Old  Red 
Sandstone. 


Fig.  3^.—PtericA^/s  cinrHMtMt.    Old  Red  Sanditocic; 


^^B  almost  altogether  cartilaginous,  and  the  notochord  is  per- 
^^BstenL  The  exoskeleton  is  usiialiy  in  the  form  of  large  gan- 
^^■id  plates,  which  are  united  into  a  shield  over  the  head,  but 
^^|ve  detached  over  the  body.  Sometimes  the  exoskeleton  is 
HTalmost  absent,  and  in  no  case  is  the  mouth  furnished  witli 

a"^  teeth.  The  tail  is  hetcrocercal. 
This  sub-order  comprises  the  livirg  Sturgeons,  and  is  not 
known  with  certainly  to  have  come  into  existence  before  the 
Eocene  Tertiary,  where  it  is  represented  by  the  Acipmstr  toli- 
apiats  of  the  London  Clay.  In  the  Lias,  however,  occur  two 
species  of  the  singiihir  genus  Chofuirostms^  which  have  usually 
been  referred  here,  and  have  been  regarded  as  being  most 
nearly  allied  to  the  Paddle-fishes  (^/^tf/z/ZtfrM)  of  North  America. 
The  skull,  however,  is  more  completely  ossified  than  is  die  case 
•with  any  living  members  of  i\\^  SiunonidiE ;  and  the  true  i>lace 
of  Cho9tdrost€US  must  be  regarded  as  uncertain. 
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CHAPTER    XXX. 
ORDERS  OF  FISHES— Cvftiinu^d. 

Order  III.  Elasmobranchh  {^Se/a^Aia^  Miiller; 

Agassiz  ;  Holoeephaii  d^\^  /Vd'i'/W/t'ffr/,  Owen).-— This  orda 
eludes  the  Sharks,  Rays,  an<i  Chimjene,  and  corresponds 
tlie  greater  and  most  typical  portion  of  the  Chon/iropU 

Cartilaginous  Fishes  of  Cuvier.     The  order  is  distini^     

the  following  characters; — The  skuU  ami  lower  jaw  an 
dei'cloped^  but  there  are  no  cranial  Iwttes,  a?ui  the  skull  (0ns\sti\ 
a  single  cartilagUious   box^  without  any  ijtdication  of 
Tlie  vertebral  column  is  sometimes  composed  of  distinct  vertt 
sometimes  eartilaginous  or  sub-notochordal.      Xfu  exoskdeton  it\ 
the  form  of  placoid  granules ^  tubercles,  or  spines.      There  art 
pairs  of  fins,  representing  the  limbs  ^  ami  supported  by  cartih 
fin-rays ;  and  flu  ventral  fins  are  placed  far  back  near  the 
Tiu  pectoral  arch  has  no  clavicle.     The  heart  consists  of  a 
auricle  and  ventricle^  and  the  bulbus  arteriosus  is  rhyth 
contractile^  is  provided  with  a  special  coal  of  striated  m$ 
fibreSy  and  is  furnisiteJ  with  several  transt^erse  rows  of  p 
The  gills  are  pouch-like,  _ 

In  most  of  the  above  characters  it  will  be  seen  at  once  thit 
the  Elasmobranchii  VL^xci  with  the  Ganoid  fishes,  especially  as 
regards  the  structure  of  the  heart.  The  following  points  di 
difference,  however,  require  more  special  notice  : — 

I.  'Vhit  exoskelefon  is  what  is  called  by  Agassiz  "placotd." 
It  consists,  namely,  of  no  conthmous  covering  of  scaJes  or 
ganoid  plates,  but  of  more  or  less  numerous  detached  grains. 
tubercles,  or  spines,  composed  of  bony  matter,  and  scattered 
here  and  there  in  the  intcj^'ument.  In  the  case  of  the  R^ajs, 
these  placoid  ossifications  often  take  a  very  singular  shape, 
consisting  of  an  osseous  or  cartilaginous  disc,  from  the  uppd 
surface  of  which  springs  a  sharp  recur\'ed  spine,  compos^j  " 
dentine.  _ 

II.  The  gills  are  fixed  and  pouch-like,  and  differ  vcr)-  nuW- 
rially  from  those  of  the  Bony  ami  Ganoid  fishes.  In  tlie  cisc 
of  the  Sharks  and  Kays,  the  gill-pouches  open  upon  the  sur- 
face by  a  series  of  separate  apertures,  which  are  placed  on  ihf 
sides  of  the  neck  in  the  former,  and  on  the  under  surface  ' 
the  body  in  the  latter.  In  neither  is  there  any  gill<ovcr  ' 
operculum,  nor  are  there  any  branchiostegal   rays.     In  f 

ction  of  the  order,  however — >'iz.,  the  HolocephcUi — tho 
internal  structure  of  the  gills  is  essentially  tlie  same  a 
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ie  Sharks,  there  is  only  a  single  branchial  aperture  or  gill-slit 
actemally,  and  this  is  protected  by  a  rudimentary  operculum 
nd  braiichiostegal  rays. 

The  order  FJasmobraiichii  is  divided  into  the  two  sub-orders 
►f  the  Ji<yhaphali  and  Piagioshymi.  The  former  comprises  the 
iving  Uiimttra^  characterised  by  the  mouth  being  terminal, 
nd  there  being  only  a  single  gill-slit.  The  latter  comprises 
le  living  Port  Jackson  Shark,  the  true  Sharks  and  Dog-fishes. 
nd  the  Rays,  characterised  by  having  the  mouth  transverse 
nd  placed  on  the  under  surface  of  the  head,  whilst  there  are 
cveral  apertures  to  the  gills. 

As  regards  their  getteral  distribuiion  in  iimey  the  Elasnuy- 
f^anchii  SiTc  nearly  as  ancient  as  the  Ganoids.  At  the  top  of 
he  Upper  Ludlow  liocks.  or  at  the  close  of  the  Ufiper  Silurian 
:poch.  there  have  been  discovered  the  remains  of  undoubted 
Magiostomous  fishes,  most  nearly  allied  to  the  existing  Port 
ackson  Shark  (Cfsfraciofi  Philippi).  These  remains  consist 
ihiefly  of  defensive  spines,  which  formed  the  first  rays  in  the 
lorsal  fins,  and  upon  these  the  genus  Ouchus  (fig.  295)  has  been 
ounded.  Besides  these  there  have  been  found  portions  of  skin 
nt  "shagreen,"  with  little  placoid  tubercles,  like  the  skin  of  a 
iving  shark.  These  have  been  referred  to  the  genera  Sphngo- 
his  and  Thelodus.  They  are  the  earliest  known  remains  of 
'lagioslomous  fisheSj  and  mth  the  exception  of  the  few  re- 
nains  from  the  Lower  Ludlow  Rocks,  they  are  the  earliest 
mown  remains  of  fishes  in  the  stratified  series.  The  iliscovery 
rf  these  remains,  at  that  time  the  earliest  known  traces  of 
k^ertebrate  life,  is  due  to  the  genius  of  Sir  Koderick  Murchi- 
ton,  the  author  of  *  Sihiria.' 

Most  of  the  fossil  Ehismohranchii  belong  to  the  division 
Ctsiraphori  of  Owen,  so  called  because  they  are  provided  with 
the  large  fin-sjjincs  which  are  known  to  geologists  as  "  ichthyo- 
flomlites."  The  two  families  of  this  division — the  Cestracionts 
^x%^  Hybodonts — are  largely  represcntetl  in  past  time,  the 
onner  chiefly  in  the  Palaiozoic  period,  the  latter  chiefly  in  the 
^esozoic  Rocks.  Subjoined  is  an  illustration  of  the  "ichthyo- 
dorulites"  and  teeth  of  some  of  the  Palaeozoic  Cesiraphori. 

The  tnie  Sharks  are  represcntetl  in  the  Nfesozoic  deposits 
e^g.y  by  teeth  o^  Notidanus  in  the  Oolites);  but  they  are  chiefly 
Cretaceous  and  Tertiar)'.  The  teeth  of  Odontaspis,  GaUocerdo^ 
BUid  Carcharodoft,  are  good  examples  from  the  Eocene  of  the 
Isle  of  Sheppey.  The  true  Rays  are  older  than  the  true 
Sharks,  the  Carboniferous  fossil  Pieuracaftthus  being  prolmbly 
the  spine  of  a  Ray  (fig.  296).  Numerous  remains  of  Rays, 
chieily  in  the  form  of  the  pavement-like  teeth,  arc  known, 
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both  from  the  Secondary  and  Tertiary  Rocks.     The  !.ist  (M 
sion  of  the  Eiasmobranckii — a4z.,  that  of  the  HoUxi 
poorly  represented  in  past  time  by  the   Mesozoic  anu  ... 
zoic  Jschiodus^  Ehsmodus^  Gatwdus^  and  Edaphodm, 

In  the  following  a  more  detailed  account  is  given  dt\ 
characters  of  the  various  groups  of  the  Elasmobramhiu  Wh 
the  leading  characters  and  more  important  fossil  forms  of 
each  :— 

Sub-Order  A.  Holocephali. — This  sub-order  includes co- 
tain  curious  fishes,  of  which  the  only  livinj<  forms  art  ibe 
Chimccridi?.  The  notochord  is  persistent,  but  the  neural 
arches  and  transverse  processes  are  cartilaginous.  Tncjars 
are  bony,  and  are  covered  by  broad  plates  represeniiiig  die 
teeth.  The  exoskeleton  consists  of  placoid  granules.  Tbf 
first  ray  of  the  anterior  dorsal  fin  is  irt  the  form  of  a  powcrro! 
defensive  spine,  like  the  **  ichthyodorulites  "  of  many  fiwsil 
fishes.  The  ventral  fins  are  abdominal,  and  the  tail  is  hcteny 
cereal.  There  is  only  a  single  external  gill-aperture,  < 
with  a  gill-cover  and  branchiostegal  membrane  ;  but 
small  portion  of  the  borders  of  the  branchial  laminx  is 
The  mouth  is  placed  at  the  extremity  of  the  head. 

The  Chinhtroid  fishes  are  not  known  to  have  existed  at] 
during  the  Palaeozoic  period;  but  they  are  not  uncommon^ 
the  Secondar)'  perioil  and  in  the  Tertiarics.     They  are 
sively  known  by  means  of  their  jaws  and  teeth  and  th 
spines  or  "  ichthyodorulites."     The  dental  plates  are  nnitt 
the  beak-shaped  jaws;  and  the  dorsal  fin-spines  are  j1i 
movable  and  jointed — instead  of  Ueing  supported  on  aci 
imbedded  in  the  muscular  tissue  of  the  back  (as  in  the  5/ 
cidcc  and  Ccslraciontida),    Of  the  fossil  Chimaeroids,  the  gri 
Ischiodus  and  Ganodus  are  exclusively  Mesozoic  ;  EdophiX 
ranges  from  the  Cretaceous  series  to  the  Koceue  Tertiar)'; 
Eiasm&dtts  is  only  known  from  the  Eocene. 

SuB-ORDFR  B.  PrACiosTOMi. — This  sub-order  is  of  cons 
ably  greater  importance,  as  it  includes  the  well-known  SI 
and  Rays.     The  vertebral  contra  are  usually  more  or  less 
fied,  and  even  when  quite  cartilaginous,  the  centra  are 
out  by  distinct  rings.     The  skull  is  in  the  form   of  a 
ginous  capsule,  without  distinct  cranial  bones.     The  mouti 
transverse,  and  is  jjlaced  on  the  under  surface  of  the  h< 
The  exoskeleton  consists  of  placoid  granules,   tubercles, 
spines,     'ihe  branchial  sacs  open  externally  by  as  many 
tinct  apertures  as  there  are  sacs,  and  there  is  no  opercul 
A  pair  of  tubes  proceed  from  the  phar^'nx  to  open  on  the  i 
surface   of   ihe  Wead  by  two   apertures,  which   are  le 
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spiracles."  By  means  of  these  water  can  be  admitted  to  the 
pharynx,  and  thence  to  the  gills. 

By  Professor  Owen  the  P/agiostomi  are  divided  into  three 
sections,  termed  respectively  the  Ccstraphoriy  the  Seladin^  and 
the  Batides. 

a.  Ccstraphori.~~\x\  this  diviaion  there  is  a  strong  spine  in 
front  of  each  dorsal  fin,  and  the  back  teeth  are  obtuse.  The 
only  living  representative  of  this  group  is  the  Port  Jackson 
Shark  {Cestracion  Philippi)^  characterised  by  its  pavement  of 
plate-like  crushing  teeth,  adapted  for  comminuting  small  Mol- 
niscs  and  Crustaceans.  It  is  exclusively  an  inhabitant  of  the 
Australian  and  Chinese  seas,  and  is  remarkable  for  its  close  re- 
semblance to  a  large  group  of  extinct  forms,  of  which  the  best 
known  are  the  genera  Hybodus  and  Acr&dus  from  the  Second- 
ary Rocks. 

The  Cesiraphori  are  known  in  a  fossil  state  mainly  by  their 
-spines,  or  **  ichthyodonilites,"  and  their  teeth.  It  is  obvious, 
bowevcr,  that  it  must  be  often  very  difficult  or  altogether  impos- 
nble  to  determine  absohitely  whether  a  spine  or  a  piece  of  shag- 
■een  belongs  to  a  Cestraciont  or  to  a  true  Shark.  Some  of  the 
rros,  therefore,  to  be  immediately  mentioned,  must  be  regarded 
;  being  only  provisionally  placed  amongst  the  Cestracwntidie, 
With  this  pro\'iso,  the  earliest  known  traces  of  Cestraciont 
hes  appear  to  be  in  the  Upper  Ludlow  Rocks,  at  the  sum- 
jit  of  the  Silurian  series.  Here,  within  the  limits  of  a  single 
tratuni,  well  known  as  the  "bone-bed,"  occur  remains  which 
a,vc  been  with  more  or  less  ])robability  referred  to  Cestra- 
onts.    Some  of  these  (fig.  295)  are  in  the  form  of  compressed, 

Both  from  the  bone-bed  of  the  Upper  Ludlow  Rock& 

igfhtly  curved  spines,  the  sides  of  which  are  grooved  longi- 
xdinally.  These  have  been  referred  to  a  provisional  genus, 
cnder  the  name  of  Onchus^  and  there  appears  to  be  little  doubt 
ts  to  their  inily  belonging  to  fishes  of  some  kind.  It  Is,  how- 
!vcr,  quite  possible  that  they  really  belong  to  Ptcraspis^  in 
Rrfaich  case  ihcy  must  be  removed  from  their  present  place. 

Along  with  the  spines  of  Onchus  are  found  fragments  of 
^ckly  skin  or  shagreen,  which  have  been  referred  to  the 
temporary  genus  Sphagodus^  along  with  minute  cushion-shaped 
'bodies,  which  are  doubtless  placoid  scales,  and  whictv  \va.\e 
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been  referred  to  another  genus  under  the  name  of  ThMax 
(fig.  295.  B).  In  the  same  bed  are  found  jaw-like  bodi«,wid» 
tooih-like  processes  of  different  sizes,  which  have  been  named 
Plectrodus,  and  have  been  supposed  to  be  the  jaws  of  h&hct 
The  true  nanire  of  these,  however,  is  doubtful,  and  ihey  c«- 
tainly  do  not  belong  to  Plagiostomous  fishes.  Possibly  Acy 
are  the  jirirldy  margins  of  the  cephalic  bucklers  of  Cephiltt- 
pidean  fishes. 

It  should  be  mentioned,  also,  that  M.  Barrande  enumcntcs 
Ctetiacanihus  amongst  the  fishes  found   in   the  Upper  .•Mlurua_ 
rocks  of  Bohemia,  this  genus  being  otlicrwise  only  knoi 
the  Devonian  and  Carboniferous  formations. 

In  the  Devonian  Rocks  the  remains  of  Cestraphori  are 
uncommon.     The  more  important  fossil  spines  of  the  d< 
of  this  period  have  been  referred  to  the  genera  Onchw, 
cantkui^  HomacaiUhus^  and   Cosmacanthtis.      The  fossil 
belong  chiefly  to  the  genera  Ctenodtis^  Ctttioptychius^  Chi 
and  Conc/i&dus. 

In  the  Carboniferous  period  the  remains  of  Cestrafhri 
comparatively  very  abundant,  though   confined  generalij' 
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Fif.  396- — I.    Kin-i([ftne  of  PlmmcitntAttt  (one  or  the  Rajn);  Vh    C^rmtma 
CtmacaHtfitis :  4.  Tooth  of /V/a/c^M.'  5-  PtammtJtu;  6.  Cttiti^eycAtm*.    Al 


Carbonirerous  Kocks. 


particular  localities.     The  spines  of  the  Carboniferous 
have  been  referred  to  many  genera,  of  which  the  most 
ant  are  Cienacanthus  (fig.  296,  3),  Gyracanthus  (fig.  296, 
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macanthus^  Oracanthm^  Ottchus,  Lephxcanihtts,  and  Edestes.  The 
fossil  teeth  of  the  Carboniferous  Rocks  have  also  been  referred 
to  many  genera,  of  which  the  more  important  are  <!;'i?r////t;////x 
(6g.  297),  Psammodtis^  Orodus^  Pdalodus  (iig.  296,  4),  Ctm&p- 
iyckitts  (fig.  296,  6),  Oadodus^ 
Centrodus^  Ghssodus^  and  Peiro- 
4hs.  Two  types  may  be  distin- 
guished in  these  teetk  In  ojic 
type,  as  in  Cochliodus  (fig.  297) 
or  Psammodus,  the  teeth  have 
the  form  of  broad  cruslung 
ees,   adapted   for  the  com- 

inution  of  Molluscs  or  Crus- 

ceans.    In  fact,  in  these  forms 
teeth  very  closely  resemble 

ose  of  the  living  Port  Jackson 
hark  {Cestracion).     In  the  other  type,  as  in  Chdodus^  Orodus^ 

d  Giossodiis^  the  teeth  are  of  what  is  called  the  "  Hybodonl" 
brm.  having  ageneml  conical  shape,  and  consisting  of  a  cen- 

1  principal  cone,  flanked  by  smaller  secondarj'  cones. 

In  the  Permian  series  the  remains  of  Cesiraphori  are  scanty, 
ui  they  are  very  numerous  in  all  the  great  formations  of  the 

condary  period.     The  four  most  important  Mesozoic  genera 

tre  Hyhodus,  Acrodus^  Strophodus^  and  Piychodtts.    The  almost 
xclusively  Triassic  genus  Ceratodus  has  generally  been  referred 
here  also,  but  its  true  affinities  arc  with  the  Dipnoi. 

In  the  genus  Ilyhodus  (fig.  298)  the  teeth  are  shark-like,  but 
not  so  trenchant  as  they  are  in  the  true  Sharks.     They 


Fir.  »Q7.  — Otntal  platen  of  C^hli,\fu$ 
rTff /(•*-/ Mj.  MuuiiUiin  I^inc»tuiic  iCaibou- 
ifcnniK). 


Fig.  39^— 'Fin-spine  of  Iljthodnt.     Cretaceous. 


consist  of  a  central  "principal"  cone,  with  .smaller  "second- 
ftiy"  cones  on  each  side.  The  fin-spines  (fig.  299)  in  this 
genus  are  longitudinally  groove*!,  and  carrj'  a  series  of  small 

teeth  on  their  hinder  or  concave  margin.     Species  of  Hybodns 
.bound   in  the    Triassic  and  Jurassic  formations,  and  occur, 
ihoMgh  less  nlnmdantly,  in  the  Cretaceous  Rocks. 
I      In  the  genus  Acrodas  {fig.  300)  the  teeth  are  more  like  those 
iDf  the  Port  Jackson  Shark.     The  front  teeth  are  pointed,  and 
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^H  resemble  those  of  the  Hybodonts.but  the  back  teclharci 

^H  for  crushing  shell-tish.    Each  of  these  crushing  teetJi  has  sn 
^H^  gated  form,  %\ith  a  raunc 

^^B  ^^^^^^^^^^^^^^^^^      surface,    which   is  covered 

^^P  ^^^^^^^^^^^^^^^^^ft  ^"^    transverse  stnz 

W  ^^^^^^^^^^^l^^^^^r  from  a 

r  ^^^^^^^^^^^^^^^        longitudinal  line.  Fromihc 

^^^^^^^^^^^  general    fonn,   colour. 


Pig.  30a— Tuulli  itf  Atrw^Hs  nolndis.     LiikS. 


striation,  they  are  cocnaK 
ly  called  ** fossil  leeches"! 
the  quarrjTTien.  As  in  the  case  ot HybiMiusy  the  species  QiAi 
are  exclusively  Mesozoic,  ranging  from  the  Trias  to  the 

The  teeth  of  Strophodus  are  elongated,  very  similar  to 
of  Airodus  ill  their  general  form,  but  truncated  at  both  e&( 
and  having  their  surface  reticulated.     Like  the  precedii^ 
species  of  Strophiuius  range  from  the  Trias  to  the  ChalL 

In  the  genus  Piycliodus^  lastl)-,  the  teeth   are  more 
quadrate  in  form,  and  the  summit  of  the  crown  of  the 
thrown  into   parallel   transverse  folds,    ridges,    or   plicjilic 
surrounded  by  a  granulated  area.     All  the  species  of  this 
are  Cretaceous. 

A  few  Tertiary  forms  of  the  Cesiraphori  have  been  dcsa 
but  the  affinities  of  most  of  these  are  doubtfuL     At  the  ^ 
day  the  family  is  represented  by  the  single  living  species, 
Port  Jackson  Shark  {Ccstracion  PhUippi), 

b.  Sv/rfr/;/'/.— This  group  comprises  the  Dog-fishes  and  Sharic^j 
characterised  by  the  elongated,  not  rhomboidal,  form  of  tiiej 
body,  and  by  the  lateral  position  of  the  gill-slits  on  the  sidtf  f 
of  the  neck.    The  teeth  are  sharp  and  conical,  and  are 
in  several  rows,  of  which  the  outermost  alone  is  cmployi 
inner  ones  serving  to  replace  the  former  when  worn  out 

This  family  attains  its  maximum  at  the  present  day,  and: 
earliest  authentic  representatives  appear  in  the  Jurassic 
Some  Palreozoic  fossils,  however,  have  been,  ^Wth  more 
probability,  referred  to  Sharks,  or  placed  in  the  neighbour 
of  the  living  Monk-fishes  (^wa/Z/yj).     With  the  exception  0^' 
occasional  vertebra;,  all  the  known  remains  of  A/*j^to«rtfr 
sist  of  teeth. 

In  the  Jurassic  series  are  found  teeth  of  N<^idanut 
Sphawdus.  In  the  Cretaceous  Rocks  are  numerous  tt* 
referred  to  the  genera  Corax,  Ga/^ocerdo,  Otodus^  Im» 
Oxyrhina^  and  Odotdaspis^  all  of  which  continue  to  he  k 
sented  in  the  Tertiary  deposits.  The  teeth  of  Canh&r 
(fig.  303}  also  occur  in  tlie  Cretaceous  series,  but  the  gen 
mainly  Tertiary.    The  teeth  of  CarcharodoH  are  iriani 
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Lted  on  both  sides,  and  sometimes  of  immense  size  (five  or 
inches  in  length).  In  Otodus  (fig.  303)  the  teeth  are  not 
iticulated  at  their  edgesj  and  they  have  a  secondary  tooth 

301- — Ojtjrrhtta  jci/h<f     Kg  30a. — Ototimt  obiiytiMt.      Fig.  303. — CArtkar^donpro^ 
^i^tt,     Miocvoe.  Eocene.  ductux.    Xiocene. 

each  side  of  the  base.  The  teeth  of  Oxyr/iina  (fig.  301), 
tly,  are  large  and  compressed,  difi'eriiig  from  those  of  Otodus 
leHy  in  wanting  the  lateml  projections  at  the  base.  Upon 
B  whole,  the  deposits  which  have  yielded  the  greatest  abund- 
ce  of  the  teeth  of  these  extinct  Sharks,  are  the  Upper  Green- 
ind  (Cretaceous)  and  the  London  Clay  (Eocene  Tertiary). 
^  BiUidts. — Tliis  group 


eludes  the  Rays  and 
;ates,  and  is  distinguished 
r  the  fact  that  the  bran- 
ial  apertures  are  placed 
I  the  under  surface  of 
e  bod  y,  form  ing  two 
Dws  of  openings  a  little 
ehind  the  mouth.  In 
e  typical  members  of 
e  group,  the  body  is 
Itencd  out  so  as  to  form 
kind  of  disc  (tig.  304), 
©  greater  part  of  which 
made  up  of  the  enor- 
usly  developed  pectoral 
^.  Upon  the  upper  sur- 
c  of  the  disc  are  the 
^^es  and  sjjiracles ;  upon 
^e  lower  surface  are  the 
strils,  mouth,  and  bran- 
iai  apertures.  The  flat- 
bodies  of  the   Rays, 


Fijt.    304- — Baridc*. 
Gouc.) 


Mff.    304- — Hatidc*.     Kaia  marginain,  OM 
of  tbc   Skates.      Reduced   onc-sijith.      (After 


however,  must  be  carefully  dis- 


guished  from  those  of  the  Flat-fishes  {PUuroncctidtz) 
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the  former,  the  flat  surfaces  of  the  body  are  truly  ihtr  donal 
and  ventral  surfaces.  In  the  latter,  as  before  rcnuik«l,Uif 
body  is  fattened,  not  from  above  downwards,  but  ftum  ad« 
to  side,  and  the  head  is  so  twisted  that  both  eyes  arc  brought 
to  one  side  of  the  body. 

The  tail  in  the  Rays  is  long  and  slender,  usually  anncd  »ith 
spines,  and  generally  with  two  or  three  fins  (the  hoinologno 
of  the  dorsal  fins).  The  mouth  is  paved  with  flat  teeth  of  i 
more  or  less  rhomboidal  shape.  The  integument  is  ofta 
furnished  with  ]>laeotd  structures  of  a  i>eculiar  shape,  consisl- 
ing  of  oval  or  rounded  osseous  discs,  from  the  centre  of  odi 
of  which  springs  a  curved  spine  of  dentine.  The  tail  also  ii 
sometimes  armed  with  a  doubly-serrated  defensive  spine. 

The  Rays  are  known  in  the  fossil  condition  by  thcii  fiu 
crushing  teeth  mainly,  but  also  by  their  fin-rays,  bony  diaa, 
and  defensive  spines.  The  earliest  trace  of  the  Rays  is  (ogbA 
in  the  Carboniferous  Rocks,  where  occurs  the  doubly-saratd 
spine  which  is  referred  to  the  genus  Pietiraainthus  (fig.  296,  \\ 
In  this  singular  form,  however,  the  spine  seems  to  have  Ii«d 
inserted  at  the  back  of  the  head,  instead  of  in  the  tail,  as  intbf 
living  Sting-rays.  In  the  Jurassic  Rocks  occur  the  remainf  of 
Rays,  which  have  been  referred  to  the  genera  Sqwdorou, 
SpathobiUis^  Arthropterus,  &c.     In  the  Tertiary  Rocks  tb<  re* 

mains  of  Rays  are   tolcnbty 

abundant,  and   consisl  almon 

exclusively  of  the  dental  pbtci 

These  consist  (hg.  305)  of  go»- 

rally  flat  plates,  usually  son»^J 

what    rhomboidal     in    sha 

often  placed  close  together. 

sometimes  united  laterally 

sutures,  so  as  to  "  form  a  kii 

of  mosaic   pavement  on 

the  upper  and    lower  jais] 

(Owen).     Most  of  the  fossil  forms  belong  to  the  genus  My^ 

batis^  which  comprises  the  living  Eagle-rays.     All  the 

species  of  this  family  belong  to  the  Tertiary  period. 

Order  IV. — Dipnoi  (-^Protopfcn.O-wGw), — This  order 
a  ver)'  small  one,  and  includes  only  the  singular  Mud- 
{Lepidostren  and  Ceratodus) ;  but  it  is  nevertheless  of  great  tl 
portance  as  exhibiting  a  distinct  transition  between  the  H 
and  the  Amphibia.     So  many,  in  fact,  and  so  striking,  arc 
points  of  resemblance  between  the  two,  that  until  recenilji 
Lepidosiren  (fig.  306)  was  always  made  to  constitute  the  k 
class  of  the  Amphibia.     The  highest  authorities,  however, 
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fncur  in  placing  it  amongst  the  fishes,  of  which  it  constitutes 
e  highest  order.  The  order  Dipnoi  is  defined  by  the  follow- 
g  characters : — Th^  My  is  fish-like  in  shape.  T/ure  is  a  skuH 
iih  distinct  cranial  bones  and  a  Imoer  jaw,  but  the  notochord  is 
Tsistenty  and  there  are  no  vertebral  centra,  nor  an  occipital  con- 
uk  The  exoskeleton  consists  of  horny,  oi>erlapping  scales,  hainng 
e  "  cycloid''*  character,  77te pectoral  and  ventral  limbs  are  both 
resent,  but  ha'^e  {in  Lepidosiren)  the  form  of  awl-shaped  ^filiform  ^ 
any-jointed  organs,  of  which  the  former  only  have  a  membranous 
inge  inferiorly.  The  ventral  limbs  are  attached  close  to  the  anus, 
ui  the  pectoral  arch  has  a  clavicle  ;  but  tlie  scapular  arch  is  at- 
chai  to  the  occiput.  The  hinder  extremity  of  the  body  is  fringed 
» a  vertical  median  fin.  The  heart  has  ttvo  auricles  and  one  I'entri- 
t  The  respiratory  organs  are  twofold^  coiuisting  on  t/u  one  hand 
' Jree  filamentous  gills  contained  in  a  branchial  chamber,  which 
Sens  externally  by  a  single  vertical  gill-slit ;  and  on  the  other 
tftd  of  true  lungs  in  the  form  of  a  double  cellular  air-bladder, 
fnmnnicating  with  the  asophagns  by  means  of  an  airduct  or 
xuhea.  The  branchice  are  supported  upon  branchial  arches^  but 
'€S€  are  not  connected  with  the  hyoid  bone  ;  and  in  some  cases,  at 
$y  rate^  rudimentary  external  bramhiee  exist  as  well.  The 
vsal  sacs  open  posteriorly  into  the  throat. 


Fig.  J06.— DipnoL    LtpidMiren  anntettm* 


Until  lately  the  only  known  members  of  the  order  Dipnoi 
•era  the  lepidosiren  paradoxa  of  South  America  and  the  lepi- 
psiren  (Protopterus)  annectens  of  Africa.  No  fossil  also  could  be 
rferred  with  any  cerLiinty  to  this  order.  Recetitly^  however, 
icrc  has  been  discovered  a  most  remarkable  fish  in  the  rivers 
f  Queensland  (Australia),  which  is  ahiwst  ceruinly  referable  to 
lis  order,  and  which  throws  great  light  upon  several  fossil 
'>rms.  The  organisation  of  this  fish  is  so  extraordinary,  and 
»  affinities  with  some  of  the  extinct  Ganoids  are  so  numerous 
nd  important,  that  it  will  be  well  to  quote  at  some  length  the 
iescription  of  it  given  by  Dr.  Albert  GUntherj  one  of  the  most 
minent  of  living  ichthyologists.  The  fish  in  question  has 
teen  named  the  Ccratodus  Fosteri^  and  it  is  known  locally  as 
he  "  Barramunda."     It  is  said  to  attain  a  length  of  about  six 
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feet,  but  its  average  length  is  about  three  feet.  The 
munda  *'  is  eel-shaped,  but  considerably  shorter  and  tJuc' 
than  a  common  eel,  and  covered  with  very  large  scales, 
head  is  nattcned  and  broad,  the  eye  lateral  and  rather  small, 
the  mouth  in  front  of  the  broad  snout  and  moderately  wide. 
The  gill  openings  are  a  rather  narrow  slit  on  each  side  of  the 
head.  There  are  no  external  nostrils.  The  tail,  which  it  of 
about  the  same  length  as  the  body  without  the  head,  is  com- 
pressed, and  tapers  to  a  point,  but  it  is  surrounded  by  a  my 
broad  fringe,  supported  by  innumerable  fine  and  long  fin-na 
There  are  two  fore  and  two  hind  paddles,  similar  to  cath  other 
in  shape  and  size,  and  very  different  from  the  fins  of  oriJiaii7 
fishes  J  their  central  portion  being  covered  with  a  scaly  stin, 
and  the  entire  paddle  surrounded  by  a  rayed  fringe.  \i  we 
were  to  cut  off  the  hind  part  of  the  tail  of  a  fish,  the  picc« 
would  bear  a  strong  resemblance  to  one  of  the  paiivd  paddlci 
The  vent  is  situated  in  the  median  line  of  the  abdomen  be- 
tween the  paddles. 

"  In  order  to  obtain  a  view  of  the  inside  of  the  mouth,  it  ii 
necessary  to  slit  it  open,  at  least  on  one  side.  We  then  notrr 
that  there  are  a  pair  of  nasal  openings  within  and  on  ca*  i  v 
of  the  cavity  of  the  mouth.  The  palate  is  armed  nitii  a  jmu 
of  large,  long,  dental  plates,  with  a  fiattish  undulated  and 
punctated  surface,  and  with  five  or  six  sharp  prongs  on  tie 
outer  side,  entirely  similar  to  the  fossil  teeth  described  uoda 
the  name  of  Ccratodus.  Two  similar  dental  plates  of  the  i  .tr 
jaw  correspond  to  the  upper,  their  undulated  surface  :  . 
exactly  to  thiU  of  the  opposite  teeth.  Beside  these  molin, 
the  front  part  of  the  upper  jaw  (vomer)  is  armed  with  tvo 
obliquely  placed  incisor-like  dental  lamellae,  which  h.r 
corresponding  teeth  in  the  lower  jaw.  As  wc  know  the  •■  \ 
of  food  taken  by  the  Barramunda,  the  use  of  these  tcclii  is 
apparent  I'he  incisors  will  assist  in  taking  up  or  even  tew- 
ing off  leaves,  which  are  then  partially  crushed  between  the 
undulated  surfaces  of  the  molars. 

"  The  skeleton  consists  of  a  cartilaginous  basis,  in  the  fi:im 
of  a  long  tapering  chord  for  the  body  and  tail,  and  in  that 
capsule  for  the  head.  No  segmentation  into  separate  vcne 
is  visible  in  any  part  of  the  notochord  ;  but  it  supports  a 
siderable  number  of  apoi)hyses,  the  abdominal  of  which 
well-developed  ribs,  all  being  solid  cartilaginous  rods,  u-ith  2 
thin  sheiith  of  bone.  In  the  same  manner  no  part  of  the  brjui- 
capsule  is  ossified,  but  it  is  nearly  entirely  enclosed  in  thin 
bony  lamella;.  This  is  also  the  structure  of  the  appendages  of 
the  skull,  as  tlie  mandible  and  the  hyoid  and  scapulary  arches. 
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om  a  study  of  the  skull,  it  becomes  apparent  at  once  why 
1  fossil  teelh  of  Ccratodus  nothing  or  very  little  of  the  bone 
tached  to  them  has  been  preserved.  'Ihcse  teeth  rest  on 
rtilage  as  well  as  on  bnne,  the  latter  being  a  very  thin  and 
>rous  layer  which  could  not  be  preserved,  unless  the  pro- 
tes  of  stratification  had  been  going  on  with  as  little  disturb- 
ice  as  in  the  Solenhofen  Schiefer;  but  the  matrix  in  which 
Bsil  Ceratodont  teeth  are  found  shows  that  it  was  formed 
idcr  very  different  conditions,  and  it  is  certainly  not  of  a 
Uure  to  permit  the  supposition  that  thin  porous  lamella;  of 
>ne  would  have  been  preserved  entire. 
"  The  structure  of  the  skeleton  reminds  us  much  of  that  of  the 
urgeons,  Chimiera,  and  especially  of  LepiJosirm  ;  and  of  all 
^  modifications  by  which  it  diflers  from  these  types,  perliaps 
jne  is  of  greater  interest  than  that  observe*!  in  the  paddles. 
be  central  part  of  the  paddle,  which  we  have  found  externally 
\  "be  covered  with  scales,  is  supported  by  a  jointed  axis  of 
ixtilage  extending  from  the  root  to  the  extremity  of  the  pad- 
■e  ;  each  joint  bears  a  pair  of  three-  or  two-  or  one-jointed 
ranches.  This  is  the  case  in  the  hind  as  well  as  fore  paddles, 
id  we  are  justified  in  supposing  that  those  extinct  Ganoids  of 
tiich  impressions  of  paddles  with  scaly  centres  have  been 
reserved,  were  provided  with  a  similar  internal  skeleton." 

Upon  the  whole.  Dr.  Giinther  concludes  : — i.  That  the  Bar- 
imunda  is  not  generically  separable  from  the  almost  exclusively 
lassie  genus  Ceratodus^  which  was  founded  simply  upon  de- 
iched  teelh  ;  2.  That  tlie  Barramunda  is  very  closely  allied  to 
ertain  of  the  Crosso\)terygious  tiiuioids,  such  as  the  Diptents 
fthe  Old  Red  .Sandstone,  the  chief  difference  being,  that  the 
il  of  the  latter  is  heterocercal ;  3.  That  the  order  Vipttoi 
lould  be  considered  merely  as  forming  a  sub-order  of  the 
^atwiJa  :  4.  That  the  Ganoidci  may  be  united  with  the  Eias- 
}ctramhii  into  a  single  group,  which  may  be  termed  Paiisich- 
'j,  and  which  is  characterised  by  having  a  *' heart  with  a 
tractile  bulbus  arteriosus,  intestine  with  a  spiral  valve,  and 
tic  nerves  non-decussating;"  5.  That  the  Ganoidci  are  the 
•fsh-water  Palieichthyes^  and  the  Elasmobranchii  are  the 
'arine  Palizichthycs. 

If  the  views  of  this  high  authority  be  ultimately  adopted,  it 
I  have  to  be  admitted  that  the  Dipnoi,  instead  of  being  un- 
own  in  a  fossil  state,  have  enjoyed  a  vast  antiquity,  dating 
ir  existence  from  the  Lower  Old  Red  Sandstone. 
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A  Af  P  li  I B  I  A. 

The  class  Amphibia  comprises  the  Frogs  and  Toads,  the  Sab 
mandroids,  the  Oediia,  and  the  extinct  LabyrsnthodonU^  ad 
may  be  briefly  defined  as  follows  : — As  is  the  case  with  the 
Fishes,  branchitz^  or  fiUxmenis  adapted  for  brraJJiing  air  diuehd 
in  waUr,  are  always  d^i'dopcii  upon  the  visctrai  archa  for  a  inga 
or  shorter  time.  On  the  other  hand,  the  Amphibians  differ  jrm 
the  Fishes  in  the  fad  that  true  Ittngs  are  ahvays  present  in  tk 
adult ;  the  limbs  are  na'er  com'erted  into  fins  ;  and  when  mdim 
fins  are  present^  as  is  sometimes  the  case^  these  arc  never ^ 
with  fin  rays.  The  limbs ,  when  presait^  exhibit  in  their 
the  same  parts  as  do  the  limbs  of  the  higher  Vertebratfs, 
skull  always  articulates  ivilh  the  fcrtebral  column  by  means  ofi 
occipital  condyles.  The  heart  consists  of  two  auricles  and  a 
vefUricle,  The  nasal  sacs  communicate  posteriorly  with 
pharynx;  and  the  rectum^  ureters,  and  ducts  of  the  n 
organs  opeti  into  a  common  chamber  or  ^^cltkica." 

The  great  and  distinguishing  character  of  the  Amphi 
the  fact  that  they  undergo  a  metamorphosis  after  their  cxcli 
from  the  egg.     They  commence  life  as  waler-brcathing 
provided  with  gills  or  branchis;  hut  in  their  aduh  state 
invariably  possess  lungs;  the  branchias  in  the  higher  fonns 
appearing  when  the  lungs  are  developed,  but  being  in 
cases  permanently  retained  throughout  life. 

In  the  earliest  embr)'onic  condition  the  branchiae  are 
nal,  placed  on  the  side  of  the  neck,  and  not  situated  . 
internal  chamber  as  in   Fishes.     In  some  cases  the  extawl 
branchia;  only  arc  present,  and  they  arc,  in  any  case,  theg 
which  are  retained  in  those  forms  in  which  the  branchiae 
permanent   (Perennibranchiata).      In   the    tailed    Amphil 
( Urode/a)  and  in  the  Frogs  and  Toads  (Anoura)  two 
gills  are  developed — an  external  set,  which  is  very  soon 
and  an  internal  set,  which  is  retained  for  a  longer  or  sht 
period.     As  maturity  is  approacliedi  true  lungs  adapted 
breathing  air  are  develojjed.     The  development,  howev 
the  lungs  varies  with  the  completeness  with  which  aerial 
ration  has  to  be  accomplished ;  being  highest  in  those  ft- 
which  lose  their  gills  when  grown  up  (Caducibraiuhiata), 
lowest  in  those  in  which  the  branchiae  are  retained  throug 
life  [Ferennibranchiala). 

The  class  Amphibia  is  divided  into  the  four  orden  ol 
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yphiomorpha^  Urod^ia^  Atwura^^'s\AlMhynnihodontia.    The  first 

these  includes  only  the  serpentiform  animals  known  as 
'^£iiitE^  and  not  having  any  certain  fossil  representatives,  may 

altogether  passed  over  here.  The  order  Urodeia  comprises 
ic  so-called  "tailed  "  Amphibians  of  the  present  day,  such  as 
Newts  and  Salamanders.     The  earliest  traces  of  this  order 

past  time  occur  in  the  Tertiary  deposits.  The  order  Ammra 
deludes  the  so-called  "  tail-less"  Amphibians,  such  as  the  Frogs 
nd  Toads,  and  is  likewise  not  known  to  have  existed  in  periods 
nterior  to  the  Tertiary.     Lastly,  the  order  LabyrinthodotttUi 

entirely  extinct,  and  is  known  to  have  existed  only  during 

e  Carboniferous,  Pennian,  and  Triassic  periods. 

Order  I,  Urodela  (  — /cy^/'/t;ww(?/y>//<7,  Owen  ;  Saurobaira- 

ta). — This  order  is  commonly  spoken  of  collectively  as  that 
if  the  "Tailed"  Amphibians,  from  the  fact  that  the  larval  tail 

always  retained  in  the  adult.  The  Vrodfia  are  characterised 
>y  having  the  skin  naked,  and  almost  invariably  destitute  of 
my  exoskeleton.  The  body  is  elongated  posteriorly  to  form  a 
impressed  or  cylindrical  tail,  which  is  permanently  retained 
Jiroughout  life.     The  dorsal  vertebrae  are  biconcave  (amphi- 

■ioiis),  or  concave  behind  and  convex  in  front  {opisthocmious), 
ind  they  have  short  ribs  attached  to  the  transverse  processes. 
The  bones  of  the  fore-arm  {radius  and  uittd)  on  the  one  hand, 
ind  those  of  the  shank  {tibia  and  fibula)  on  the  other,  are 
lOt  anchylosed  to  form  single  bones. 

The  best  known  of  the  existing  Urodela  are  the  Newts 
Triton)^  the  Salamanders  {Saiamandra)^  the  Mud-eels  (Sirert)^ 
the  Axolotl  (Siredofi)y  and  the  Giant-Salamanders  (Menopimta). 
Some  of  these  arc  '*  percnnibranchiate,"  retaining  the  bran- 
chize  throughout  life ;  others  lose  the  branchiae,  becoming  thus 
*  caducibranchiate,"  but  retain  the  branchial  apertiires  behind 
the  head  ;  others,  lastly,  lose  both  the  branchicc  and  the  bran- 
chial apertures.  Most  of  the  Urodeia  have  the  four  limbs 
11  developed,  but  some  possess  only  the  anterior  limbs. 

The  geological  history  of  the  Urode/a  is  short  and  of  little 
importance.  No  trace  of  the  order  has  hitherto  been  discovered 
in  any  deposits  older  than  the  Tertiary.  The  only  exception 
to  this  statement  is  constituted  by  the  fossil  described  from  the 
Lower  Permian  Rocks  by  Oeinitz  under  the  name  of  Pa/ao- 
siren^  and  regarded  by  him  as  being  most  nearly  allied  to  the 
Sirtn  lacertina.  It  is  probable,  however,  that  Paiccosirm  is 
really  referable  to  the  Labyrinthodontia.  In  strata  of  Tertiary 
age  have  been  discovered  the  remains  of  Newts  and  SaJa- 
numdcrs.  The  most  remarkable  fossil  referable  to  tlus  order 
is  the  Andrias  Schmchz^i  (fig.  307)  of  the  Miocene  beds  of 
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ingen.  This  singular  fossi!  was  described  by  its  original 
>verer  as  human,  under  the  name  of  Homo  diitwii  testis ; 
it  is  really  the  skeleton  of  a  Salainandroid  of  large  size. 
t  very  closely  allied  to  the  Giant  Salamander  {Menopoma^ 
'MoMia^  maxima)  of  Java. 

RDER  II.  Anoura  (~  BairachUi^  Huxley;  Tlierioinorpha^ 
m  ;  Chdonobatrachia^  &c.) — This  order  includes  the  Frogs 
Toads,  and  is  perhaps  best  designated  by  the  narae  of 
ura^  or  "Tail-less"  Amphibians.  The  name  Batrachia^ 
loyeU  by  Huxley,  is  inexpedient,  partly  because  it  is  used 
)wen  to  designate  the  entire  class  Amphibia^  and  partly 
luse,  in  common  language,  it  is  usual  to  understand  by  a 
.trachinn"  any  of  the  higher  Amphibians;  such,  for  instance, 

Labyrinthodont. 

he  Anoura^  or  Tail-less  Amphibians,  are  characterised  by 
following  points  : — The  adult  is  destitute  of  both  gills  and 

both  of  which  structures  exist  in  the  larva,  whilst  the  t^vo 
s  of  limbs  are  always  present.  The  skin  is  soft,  and  there 
rarely  any  traces  of  an  exoskeleton.  The  dorsal  vertebras 
"procoelous"  or  concave  in  front,  and  arc  furnished  with 


5  transverse  processes,  which  take  the  place  of  ribs,  which 
only  present  in  a  rudimentary  fonn.  The  radius  and  ulnfi 
he  fore-limb,  and  the  tibia  and  fibula  in  the  hind-UTV\b,  m^ 
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anchylosed  to  form  single  bones  (fig.  308).      The  mouth 
soraotimcs  edentulous,  but  the  upper  jaw  has  usually 
teeth,  and  the  lower  jaw  sometimes.     The  hind-limbs 
have  the  digits  webbed  for  swimming,  and  are  genertUy 
larger  and  longer  than  the  fore-limbs. 

The  geological  histor)'  of  the  Anoura^  as  in  the  case  of' 
Urodt'ia,  is  of  small  importance,  'J'he  two  chief  groups  of  I 
living  Atwura — -namely,  the  Frogs  and  the  Toads— are 
represented  in  past  time  ;  but  they  do  not  appear  to  have 
into  existence  till  after  the  coraraencement  of  the  Tt 
period.  Most  of  the  fossil  forms  have  been  detected 
posits  of  Miocene  age. 

Order  IV.  Lauvrinthodontia.  —  The   members  of 
the  last  order  of  the  Amphibia,  are  entirely  extinct 
were  Batrachians,  probably  most  nearly  allied  to  the  Ur 
but  all  of  large  size,  and  some  of  gigantic  dimensions,  the 
of  one  species  {Labyrinthodon  Jageri)  being^  upwards  of 
feet  in  length  and  two  feet  in  breadth.      The  Lab)Tintho»i 
were  first  known  to  science  simply  by  their  footprints. 
were  found  in  certain  sandstones  of  the  age  of  the 
These  footprints  consisted  of  a  series  of  alternate  pit 
hand-shaped  impressions,  the  hinder  print  of  each  pair 
much  larger  than  the  one  in  front  (fig.  309).     So  Iflte 
these  impressions  to  the  shape  of  the  human  hand  that 
unknown  animal  whirh  produced  them  was  at  onrc  chnstt 
Cheirothainnty   or  "Hand-beast**      Further  ics, 

ever,  soon  showed  that  the  footprints  of  *  -.hw 

been  produced  by  difl'erent  species  of  Batrachians,  to  uhifhl 
name  of  LabjTinlhodonts  was  applied  in  consequence  of' 
complex  microscopic  structure  of  the  teeth. 

The  orilcr  Labyrintfiodimiia   is  thus  defined   by  Profc 
Huxley : — "  The  body  is  salamandriforn^,  with  relatively 
limbs  and  a  long  tail.     The  dorsal  vertebrae,  when  com{ti< 
ossified,  are  biconcave,  with  double  transverse  processes 
ribs  have  distinct  capitula  and  tubercula. 

**  In  the  thoracic  region,  three  sujicrficially  sculptured 
skeletal  plates,  one  median  and  two  lateral,  occupy  the 
of  the  interclavicle  and  clavicles.     Between  these  and  the 
is  a  peculiar  armour,  formed  of  rows  of  oval  del 
wltiih  lie  on  each  side  of  the  middle  line  of  the  abd< 
are  directed  obliquely  forwards  and  inwards,  to  meet  in  thatl 

*''i'he  skull  has  distinctly  ossified  epiotic  bones,  iu  the  1 
position  and  of  the  same  form  as  those  of  fishes.     The  ci|i! 
bones  are  sculptured,  and  many  exhibit  peculiar  smooth 
metrical  grooves — vKe  so-called  *  mucous  canals,* 
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The  parietes  of  the  teeth  are  deeply  planed  and  folded,  so 

to  give  rise  to  a  complicated 
*  labyrinthine  '  pattern  in  the 
transverse  section  of  the  tooth.*' 
The  points  in  which  the  Laby- 
rinihodonts  differ  from  the  mo- 
dem Vrodeht  are  chiefly  to  be 
Ibund  in  the  fact  that  the  head 

defended  by  an  external  cov- 
ering or  helmet  of  hard  and 
polished  osseous  plates,  in  the 
possession  of  ventral  integument- 
ary scutes,  in  the  existence  of 
Cxoskeletal  plates  occupying  the 
place  of  the  interclavicle  and  cla- 
vicles, in  the  amphicoelous  fonn 


Fig  yv — Fool-prinl*  of  a  labyrinihcKJotil  {ChtirotkrriumX  from  the  Triiu 
upper  nsure  ttinws  a  ^insle  foot-prini  enlArged 


Th« 


the  lower  fignre  ihoiirs  ft  flab,  vitb 
MveraJ  prinu,  uid  travened  by  reticulated  ilc&iccatioQ-cradu. 
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of  the  dorsal  vertebrse,  and  in  the  complicated  structore  rfthej 
teeth.      These  last-mentioned  organs  are  not  only  often  n 
numerous,  but  are  of  large  size.     The  subjoined  illuit 
(fig.  310)  shows  the  beauiiftil  and  complex  structure  0^ 
teeth,  from  which  the  name  of  the  order  is  derived 


¥ig.  3Ta — Section  of  the  loo<fa  <ii  Lmhynmikodtm  iUititedotumurha\  T^C*- 

The  Labyrinthodonts  range  from  the  Carboniferous  R' 
to  the  Trias  ;  but  some  of  the  forms  commonly  includctl 
this  ordtr  may  perhaps  belong  elsewhere.  One  type  of 
Labyrinthodonts  is  constituted  by  the  singular  genus  A 
saurtis,  and  the  less  known  Apatcon — both  from  the  C 
ferous  Rocks.  Arche^osaurus  is  remarkable  in  ha\TDg 
notochord  persistent,  and  in  the  possession  of  permanent  bi 
chial  arches.  It  h^is  been  made  by  Professor  Owen  the 
of  a  separate  group,  the  Ganoccphala;  but  it  is  probablj' 
iinnialure  and  larval  form.  'Ihe  occipital  condyles,  also, 
not  seem  to  have  been  ossified  in  the  Archegosauria. 

Of  the  Carboniferous  Labyrinthodonts  the  most  im 
genera  are  Anthnuosaitrus^  Pholido^aster^  Ophidfrpd^ 
thycrpeton^  Uroeondyius^  Leptcrpeton^  Baphctes,  Ramcfpu 
drerpdon^  Hylapdotu  and  HylonomHS ;  though  the  atfinitic 
some  of  these  are  more  or  less  doubtful.  Most  of  the 
boniferous  Labyrinthodonts  were  of  comparatively  snull 
but  some,  such  as  Baphetcs  (fig.  311)  and  Anthraanaunn^ 
have  attained  gigantic  dimensions.  All  the  al>ove-menti 
genera  seem  to  have  possessed  well-ossified  vertebne,  wilh 
developed  limbs,  the  form  of  the  body  being  mostly  sai> 
driform,  but  ^omeumes  fciW-Uke,  or  serpentiform. 
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tn  the  Permian  Rocks,  a  few  remains  of  Labyrinthodonts 
ne  been  discovered,  the  genus  Zy^osaurus  being  peculiar  to 
t  period. 


C.  ^\t.^B»piuifs ^ianictp^,  from  the  Carbnoiferoiu  Rocks  of  Nom  Scotia.  (After 
■oa.)  a  Anterior  part  of  the  xkull,  viewed  from  bcDCfttK^  and  mucb  roduccti ;  b  One 
M  latest  teeth,  natural  siie. 

In  the  Triassic  Rocks  the  remains  of  Labyrinthodonts 
abundant,  the  most  important  genus  being  Labyrinthodon 
Mastodortsaurus,  This  genus  is  known  mainly  by  foot- 
nts  and  by  crania  ;  and  the  size  attained  by  some  species 
St  have  been  colossal.  No  remains  of  this  order  have 
merto  been  discovered  in  rocks  younger  than  the  Trias. 


CHAPTER   XXXII. 


HEPTIUA. 

le  Reptiles  and  the  Birds,  unlike  as  they  are  in  external 
>«aranre,  are  nevertheless  related  lo  one  another  by  various 
»ts  of  affinity  ;  so  that  they  may  well  be  included  in  a 
ftle  division,  which  has  been  termed  Stiuropsida  by  Huxley, 
e  Sauropsida  are  defined  by  the  possession  of  the  following 
tiacters : — At  no  period  of  existence  are  branchiu^  or  water- 
Ofihing  respiratory  organs^  dene/oped  upon  the  visceral  arches  ; 

^td  corpuscies  of  the  b/ood  are  nucleated  ;  the  skull  articulates 
^^  the  vertebral  column  by  means  of  a  single  articulating  surface 
^^ndyle ;  and  each  half  or  "  ramus"  of  the  knoer  jaw  is  com- 
^  of  several  pieces^  and  articulates  tviih  the  skull,  not  directly^ 

Av  the  •inten^ention  of  a  peculiar  bone^  called  the  '*  quadrate 
*V  *  or  *'  OS  quadratum  "  (fig.  3 1 2), 
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These  being  the  common  characters  of  Reptiles 
by  which  they  are  collecLiveiy  dislinguished  from  oihi 
bratcs,  it  remains  to  inquire  what  are  the  characters  I 
they  are  distinguished  from  one  another.  The  foUowi 
are  the  characters  which  separate  the  Reptiles  from  til 
— The  blood  in  ReptiUs  is  cold — thai  is  to  say,  siighthf 
ihan  the  external  medium — mving  mainly  to  the  fad 
pulmonary  and  systemic  cirmlations  are  always  dift 
nected  together^  either  within  the  heart  or  in  its  immedU 
bourhoody  so  thai  the  body  is  supplietl  with  a  mixture  4 
and  arterial  bloody  in  place  of  pure  arterial  blood  alei 
terminations  of  the  bronchi  at  the  surface  of  the  lung  41 
and  do  not  communicate  with  air  sacs,  placed  in  different^ 
the  body.  When  the  epidermis  dei^elops  homy  structtOi 
are  in  the  form  of  homy  plates  or  scales  ^  and  ftet'er  in  the 
feathers.  The  fore-limbs  are  formed  for  various  purposa 
ing  in  some  cases  ei>en  flighty  but  they  are  nei^er  construd 
the  type  of  the  "  wings"  of  JJirds,  Lastly^  with  one  ortiA 
ful  exceptions^  whilst  the  ankle-joint  is  placed  between  th 
and  proximal  portions  of  the  tarsus,  the  tarsal  and  mik 
bones  of  the  hind-limb  are  net'er  ancliylosed  into  a  sitigleH 

These  are  the  leading  characters  by  which  Reptiles  l 
tingiiished  from  Rirds ;  but  we  must  not  forget  the  ol! 
tinctive  peculiarities  in  which  Reptiles  agree  with  Bin 
differ  from  other  Vertebrates^namely,  the  absence  of  brt 
at  all  times  of  life,  the  possession  of  only  one  occipiti 
dyle,  and  the  articulation  of  the  complex  lower  jaw  w 
skull  by  means  of  a  quadrate  bone. 

It  is  now  necessary  to  consider  these  characteristics ^ 
Reptilia  a  little  more  minutely.  The  class  includes  lb 
toises  and  Turtles,  the  Snakes,  the  Lizards,  the  CrocodJk 
a  number  of  extinct  forms  ;  and  with  the  exception  of  tb 
toises  and  Turtles  they  are  mostly  of  an  elongated  cj'lii 
shape,  provided  posteriorly  with  a  long  tail.  The  limi 
be  altogether  absent,  as  in  the  Snakes,  or  quite  wdinK 
as  in  some  of  the  Lizards,  but  as  a  general  rule  both  pi 
limbs  are  present,  sometimes  in  the  form  of  ambulaio* 
sometimes  as  swimming-jjaddles,  and  in  some  extinct 
modified  to  subserve  an  aerial  life.  The  endoskcW 
always  well  ossified,  and  is  never  cartilaginous  or  setw 
aginous,  as  in  many  Fishes  and  some  Amphibians,  Th* 
articulates  with  the  atlas  by  a  single  condyle.  The  lo«t 
is  complex,  each  half  or  ramus  being  composed  of  from  I 
six  pieces,  united  to  one  another  by  sutures  (tig.  31*/).  i 
Tortoises,  Vio\\e\w,\.\\es»^w^  auchylosed  into  a  single 
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he  two  lajni  are  also  anchylosed.  In  most  Reptiles,  how- 
the  two  rami  of  the  lower  jaw  are  only  loosely  united — - 
!  Snakes  by  ligaments  and  muscles  only,  in  the  Lizards 
bro-cartilage,  and  in  the  CrocodiHa  by  a  regular  suture. 
I,  the  lower  jaw  articulates  with  the  skull  by  a  quadrate 
(fig.  312,  a);  and  as  this  often  projects  backwards,  the 


\Sf  Jli. — Skull  or  a  Serpent  {yytkmn).     b  Ariiculir  portion  of  the  lower  jaw  ; 
«  Quadrate  booc  :  c  Squamofial  portion  of  the  tcmponl  bone. 

ling  of  the  mouth  is  often  very  extensive,  and  may  even 
nd  beyond  the  base  of  the  skull.  Teeth  are  usually  pre- 
,  but  are  not  sunk  in  separate  sockets  or  alveoli,  except  in 
Crocodiles  and  in  some  extinct  forms.  In  the  Tortoises 
Turtles  alone  of  living  types  there  are  no  teeth,  and  the 
are  simply  sheathed  in  horn,  constituting  a  kind  of  beak 
that  of  a  bird. 

ibs  are  always  present  and  always  well  developed,  but  they 
r  much  in  fonn.  It  is  not  correct,  however,  to  regard  the 
pnce  of  ribs  as  separating  the  true  Reptiles  from  the  Am- 
»,  as  is  sometimes  slated.  Some  of  the  most  Lizard-like 
e  Amphibians,  such  as  the  Siren,  possess  short  but  well- 
loped  ribs,  and  rudiments  of  ribs  are  traceable  in  otlier 
*;  whilst  in  the  CtscUite  they  are  large  and  well  developed. 
f  regards  the  exoskeleton,  all  Reptiles  have  homy  epider- 
tcales.and  they  are  divided  into  two  great  sections— called 
fctively  Stjuamafa  and  Lorkata — according  as  the  integu- 
ary  skeleton  consists  simply  of  these  scales,  or  there  are 
>iis  plates  developed  in  the  derma  as  well.  In  the  Tor- 
a,  the  epidermic  plates  unite  with  the  bony  exoskeleton 
^ith  the  true  cndoskeleton  to  form  the  r^se  or  box  in 
h  the  body  of  these  animals  is  enclosed. 
>e  class  Reptiiia  is  divideil  into  the  following  nine  orders, 
hich  the  first  four  are  represented  by  living  forms,  whilst 
cmaining  five  are  extinct ; — 
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Extinct 


t.  Chelonia  (Tortoises  and  Turtles)- 

2.  Ophidia  (Snakes). 

3.  Laurtilia  (Lizards). 

4.  Crocodilia  (Crocodiles  and  Alligators). 

5.  Ichthyopterygia, 

6.  Sauropterygia, 

7.  Anomodofttta. 

8.  Pterosauria. 

9.  Dcinosauria. 
As  regards  their  general  distribution  in  time^  ihe  Rt^ 

attained   their  maximum   of  development   in   the  M( 
period,  which  has  hence  often  been  called  the  "Ageof  Repti 
If  the  Elgin  Sandstones,  containing  the  remains  of  Tdt 
and  StagonoiepiSy  be  of  Triassic  age — as  seems  almost  c< 
— then  no  Reptile  lias  as  yet  been  discovered  in  the 
Rocks.     In  the  Carboniferous  Rocks,  the  place  of 
Reptiles  seems  to  have  been  taken  by  the  Amphibian  groupl 
the  Labyrinthodonts.     It  is  possible,  however,  that  tlie  lit 
/{yhfwmus^Q{\\\\\c\\  three  species  were  discovered  in  the 
strata  of  Nova  Scotia  by  Dr  Dawson^  may  be  Lacertian  in  i 
affinities.     It  is  also  possible  that  the  vertebrae  from  strata 
the  same  age  described  by  Professor  Marsh  under  the  name! 
Mosaurus  Acadiatsis^  may  belong  to  a  marine  reptile  allied 
Ichthyosaurus.     In   the  Permian  Rocks  the   first   undout 
Reptilian  remains  occur,  the  Protorosaurus  of  this  period  being] 
probably  a  Lacertilian. 

Throughout  the  whole  Mesozoic  series.  Reptilian 
are  abundant  and  belong  to   numerous  and  strange 
Chelonians  and  true  Crocodiles,  with  Lizards  allied  to 
forms,  make  their  first  appearance  in  deposits  belonging  to 
period.     The  extinct  orders   of  the  JcfUhyoptcrygia^ 
terygiay  Anomodontia^  Pt^rosauria^  and  Danosauria,  not 
first  appear  in  Mesozoic  deposits,  but  are  exclusively  con( 
to   rocks  of  this  age.     In   the  Tertiary  period,  laslfy* 
remains  of  Reptiles  arc  comparatively  rare,  and  the  m 
of  types  is  much  reduced.     The  living  order  of  the  Ofki 
however,  makes  its  first  appearance  in  the  Tertiary  dt'f 
In  the  following  new  of  the  characters  and  distribuuoo  in 
of  the  orders  of  the  Reptiles,  it  will  be  advisable  to 
the  recent  orders  first,  though  this  is  not  in  accordance 
rk  n  mgemenL 

•  t  -i.->xiA_ — Iht  first  order  of  living  R< 

he  C^^-  risMig  the  Tortoises  and 

•iiqg  dHncters : — There  xs  an  J 
Uned  vith  the  cndoskcletoo  to  i 
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my  case  or  box  in  which  the  body  of  the  animal  is 
I,  and  which  is  covered  by  a  leather)'  skin,  or,  more 
by  horny  epidermic  plates.  The  dorsa!  vertebne  are 
bly  connected  together,  and  are  devoid  of  transverse 
■s.     The  ribs  are  greatly  expanded  (fig.  313,  r),  and 


— Skeleton  of  Tnrtnite  (Emj/t  Etiny/^m,}  ihe  pl-intron  Seine  removed,  en 
r  Rib*.  gTcall)-  expanded.  And  united  by  ihcir  cdgo  :  s  ScapiHar  arch,  placed 
nnpacBj  and  carryintj;  Ihe  forc-Iimbs;  /  Pelvic  arch,  also  jtluccd  within  the 
nd  carr^'Uig  the  hlnd-Iimbs. 

ed  to  one  another  by  sutures,  so  that  the  walls  of  the 
cavity  are  immovable.  AU  the  bones  of  the  skull 
he  lower  jaw  and  the  hyoid  bone  are  immovably  united 
'.  There  are  no  teeth,  and  the  jaws  are  encased  in 
as  to  fonn  a  kind  of  beak.  The  heart  is  three- 
red,  the  ventricular  septum  being  imperfect. 
ese  characters  of  the  C/ttrAmMj  the  most  important  and 
:ve  are  the  nauire  of  the  jaws,  and  the  structure  of  the 
tlon  and  skeleton.  As  regards  the  first  of  these  [joints, 
Sr  jaw  in  the  adult  appears  to  consist  of  a  single  piece, 
>lex  character  being  masked  by  anchylosis.  The  sepa- 
ccs  which  really  compose  each  ramus  of  the  jaw  arc 
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immovably  anchylosed  together,  and  the  two  rami  art  abo 
united  in  front  by  a  true  bony  union.  There  are  alio  w 
teeth,  and  the  edges  of  the  jaws  are  simply  sheathed  in  bora, 
constituting  a  sharjj  beak.  As  regards  the  second  of  thoe 
points,  the  bony  case  in  which  the  body  of  a  Cheloniifl  k 
enclosed  consists  essentially  of  two  pieces,  a  superior  or  donol 
piece,  generally  convex,  called  the  "  carapace,"  and  an  inferior 
or  ventral  piece,  generally  flat  or  concave,  called  the  "plastron." 
The  carapace  and  plastron  are  firmly  united  along  thtr 
but  are  so  excavated  in  front  and  behind  as  to  leave  a;.L::_: 
for  the  heady  tail,  and  fore  and  hind  limbs.  The  limbs 
tail  can  almost  aJways  be  withdrawn  at  will  under  the 
of  the  thoracico-abdominal  case  formed  in  this  way  by 
carapace  and  plastron,  and  the  head  is  also  generally 
tractile. 

The  carapace  or  dorsal  shield  is  composed  of  the  Sai 
spinous  processes  of  the  dorsal  vertebne,  the  expanded 
and  usually  a  series  of  marginal  bones — the  whole  covered 
homy  epidermic  plates  or  by  a  leathery  skin.     The  pi 
or  ventral  shield  is  composed  of  nine  bony  pieces,  which 
probably  integumentary  ossifications,  but  which  are  somi 
regarded   as   composing  a   modified  and    greatly -ex] 
breast-bone.     The  scapular  and  pelvic  arches,  supporting 
spectivcly  the  fore  and  hind  limbs,  are  placed  within  the 
pace.     As  in  the  CnKodilia,  clavicles  are  wanting. 

From  tht;  aquaiichabitsof  many  of  the  members  of  this 
they  are  by  no  means  uncommon  in  the  fossil  condition. 
Turtles  frequent  the  sea,  and  thus  come  natunilly  to  bcfi 
in  marine  deposits  ;  and  the  preservation  of  all  the  Chcl' 
alike  is  rendered  easy  by  the  indestructible  nature  of  the 
in  wjiich  their  bodies  are  enclosed. 

The  Chelonians  may  be  divided  into  sections  accord! 
the  limbs  are  natatory,  are  adapted  for  an  amphibious  lifi 
are  fitted  for  terrestrial  progression.     In  the  first  of  these 
tions  are  the  true  Turtles  {Cheloniida),    which   frequent 
sea,  and  are  distinguished  by  their  depressed  and  fla^ 
carapace,  and  by  their  oar-like  limbs.     In  the  second 
are  the  River  and  Marsh  Tortoises,  comprising  the  Soft 
toises  {Trionycidit)  and   the  Terrapins   (Emydidu).     In 
third  section  are  the  true  Land-tortoises  (TafttdtHida), 
guished  by  their  strongly  convex  carapace,  and  limbs 
for  walking  upon  the  lan<l.     All  these  three  sections  arc 
sented   in   past  time^  the  Turtles,  Triortyn'da,  and 
appearing  for  the  first  time,  so  far  as  is  certainly  known,  in 
Jurassic  series,  whilst  the  Testudinida  do  not  appear  liQ 
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incement  of  the  Tertiary  epoch.     The  earliest  known 

of  Chelonians  occur  in  the  Permian  Rocks,  in  the  lower 

I,  that  is,  of  the  New  Red  Sandstone  of  older  geologists. 

traces,  however,  are  not  wholly  satisfactory,  since  they 
solely  of  the  footprints  of  the  animal  upon  the  ripple- 
surfarc.T   of  the   sandstone.     Of  this   nature    is   the 

btus  Duncaniy  described  by  Sir  William  Jardine  in  his 
work    on  the 
kjlogy  *  of  Annan- 
in   Dumfriesshire. 

doubtful   excep- 

ihe   first  unequi- 

remains  of  Che- 
iu  appear  in  the 
He  series.  The 
}mufit  make  their 
I  undoubted  ap- 
Bce  with  the  Otc- 
^ianiccps  of  the 
md  stone  (Upper 
5).      In    the   Cre- 

S  series  are  seve- 
es,  one  of  which 
^red  below  (fig. 
\  In  the  Tertiary 
IB  the  remains  of 
Bs   are   abun(!ant, 

epecially  so  in  the 
n  Clay  (Kocene). 
Its     of     Emydida 
been  cited  from 
Jurassic      series, 
k  of  which  ap|>ear  to  be  free  from  doubt.     A  species  of 
occurs  in   the  Wealden,  and  numerous  forms  of  this 
have  been  detected  in  formations  of  Tertiary  age,  es- 
y  in  the  Eocene  and  Miocene,     The  Trionytiif(p^  except 
cmur  described  by  Osven  from  the  Lias,  are  not  known 
e  existed  prior  to  the  commencement  of  the  Tertiary 
%     Numerous  species  of  Trionyx,  however,  occur  in  the 
Ic,  and  others  have  been  described  from  the  Miocene 
liocene.     The  Tfstud'midct  or  Land-tortoises  appear  to 
Sooimenced   their  existence   in   the  Miocene  Tertiary. 
Dst  remarkable  form  of  this  group  is  the  great  Cohsso- 
^^<3s  of  the  Tertiary  deposits  of  the  Sivalik  Hills,  which 
ed  to  have  reached  the  gigantic  length  oC  VweivV^  fet\.. 


Fig   314. — CfuUne  BenitctU,     Lower  Chalk. 
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Order  II.  Ophidia. — The  second  order  of  Reptiles  k 
that  of  the  Ophidia,  comprising  the  Snakes  and  Serpents,  uA 
distinguished  by  the  following  characters  : — 

The  body  is  always  more  or  less  elongated,  cylindrical,; 
worm-like,  and  whilst  possessing  a  covering  of  homy 
always  unprovided  with  a  bony  exoskeleton.     Thedoisil' 
tebrx  are  concave  in  front  (procoelous),  with  rudimentary 
verse  processes.     There  is  never  any  sternum,  nor 
arch,  nor  fore-limbs,  nor  sacnim,  and  as  a  rule  there 
traces  of  hind-limbs.     Rudimentary  hind-limbs,  however, 
occasionally  present  (e.  g.^  in  Python  and  Tortrix),     Thei 
always  numerous  ribs.     The  two  halves  or  rami  of  the 
jaw  are  composed  of  several  pieces,  and  the  rami  are 
anteriorly  by  ligaments  and  muscles  only,  and  not  by 
or  suture.     The  lower  jaw,  further,  articulates  with  the  ski 
means  of  a  quadrate  bone  (fig.  312,  a\  which  is  alwaj-s 
or  less  movable,  and  is  in  turn  united  with  the  squamous 
tion  of  the  temporal  hone  (** mastoid  bone"),  which  is 
movable,  and  is  not  firmly  united  with  the  skuIL     The  5U| 
maxilla;  are  united  with  the  pra^maxilla;  by  ligaments  and 
cles  only,  and  the  palatine  arches  are  movable  and  amied 
pointed  recurved  teeth.     Hooked  conical  teeth  arealwa)-5| 
sent,  but  they  arc  never  lodged  in  distinct  sockets  orali 
Functionally,  they  are  capable  of  performing  nothing 
than  merely  holding  the  prey  fast,  and  the  Snakes  arc  proi 
with  no  genuine  masticatory  apparatus.     The  heart  has 
chaml>ers,  two  auricles  and  a  ventricle,  the  latter  iropetfe 
divided  into  two  cavities  by  an  incomplete  septum.     TTie 
and  other  paired  organs  are  mostly  not  bilaterally  symi 
one  of  each  pair  being  either  rudimentary  or  absent. 

The  three  most  important  groups  of  tlie  existing  Ophic 
are  the  Colubrinc  Snakes,  the  Constricting  Snakes,  an 
Viperine  Snakes.     In  the  first  of  these  the  upper  jaws 
solid  teeth,  with  or  without  canaliculaled  fangs  as  well 
the  second  group  are  the  Boas  and  Pythons,  distinguishedl 
their  great   size,  enormous   muscular   power,  and   nume 
strong  recurved  teeth.    In  the  third  group  are  Snakes,  in 
the  upper  jaws  carry  only  a  pair  of  perforated  poison-faof 

Most  of  the  existing  Snakes  arc  terrestrial   in  their 
and  are  therefore  not  likely  to  be  preserved  in  stratified  I 
posits.     Many  of  these,  however,  take  to  the  water  occasion' 
and  some  habitually  frequent  rivers  or  the  sea  itselil    AL 
above-mentioned  groups  of  Ophidians  are  represented  in 
time,  but  they  are  neither  abundant  nor  of  importance  as  fo 
No  remains  o(  0^\\vd\;3A\s  we  Vu^ywvi  tQ  occur  in  any  Patet 
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IT  Mesozoic  deposit.  The  earliest  known  traces  of  any  ser- 
)cnt  are  in  the  Lower  Kainozoic  Rocks,  the  oldest  being  the 
^tU<eo/>Ais  toHapicus  of  the  London  Clay  of  Sheppey.  The 
nearly-allied  Paheophis  typhttis  of  the  Eocene  beds  of  Brack le- 
Bhara  appears  to  have  been  a  Boa<onstrictor-like  snake  of 
M>out  twenty  feet  in  length.  Other  species  of  Pai(rophis  have 
been  described  from  the  Tertiary  Rocks  of  the  United  States, 
Bnd  the  genus  Dinophis  has  been  formi;d  for  the  reception  of 
another  gigantic  constricting  Serpent  from  the  same  formation. 
In  sonic  of  the  later  deposits  have  been  found  the  putson- 
fimgs  of  a  venomous  snake.  Upon  the  whole,  however,  the 
Bnakes  must  be  looked  upon  as  a  comparatively  modern  group, 
Bind  not  as  one  of  any  great  geological  antiquity. 

Order  UL  Lacertiha. — The  third  order  of  Reptiles  is 
Ibat  of  the  Lacertilia^  comprising  all  those  animals  which  are 
commonly  known  as  Lizards,  together  with  some  scq>entiforra 
imimats  such  as  the  Blind-worms.  The  Loccrtilia  are  dis- 
tiDguished  by  the  following  characters  r^ 

As  a  general  rule^  there  are  two  pairs  of  well-developed 
limbs,  but  there  may  be  only  one  pair,  or  all  the  Hmbs  may  be 
lU^sent  A  scapular  arch  is  always  present,  whatever  the  con- 
dition of  the  limbs  may  be.  An  exoskeleton,  in  the  form  of 
homy  scales  like  those  of  the  Snakes,  is  almost  always  present. 
The  vertebne  of  the  dorsal  region  are  proccelaus  or  concave  in 
front,  rarely  amphicoelous  or  concave  at  both  ends.  There  is 
%  single  transverse  process  at  each  side,  and  the  heads  of  the 
libs  are  simple  and  undivided.  There  is  either  no  sacrum f, or 
^e  sacral  vertebrae  do  not  exceed  two  in  number.  The  teeth 
■re  not  lodged  in  distinct  sockets.  The  eyes  are  generally 
furnished  with  movable  eyelids,  and  are  always  so  in  the  com- 
pletely snake-like  forms.  The  heart  consists  of  two  auricles 
pud  a  ventricle,  the  latter  partially  divided  by  an  incomplete 
partition.  There  is  a  urinary  bladder,  and  the  aperture  of  the 
cloaca  is  transverse. 

As  a  general  rule,  the  animals  included  under  this  order 

ve  four  well-developed  legs,  and  would  therefore  be  popii- 

ly  called  "  Lizards,"     In  some  ( Chirotcs)  there  are  no  hind- 

X\  in  some  (^//^-j)  the  fore-limbs  are  wanting;  and  others 

'Artguis,  Pseutfopus^  and  Atnpkisbatta)  are  entirely  destitute 

f  limbs,  thus  coming  closely  to  resemble  the  true  Snakes 

r    Ophidians   in   external   appearance.     These  serpentiform 

^rds,  however,  can  be  distinguished  from  the  true  Snakes, 

ongst  other  characters,  l)y  the   structure  of  the  jaws.     In 

e  Snakes,  as  before  said,  the  two  rami  of  the  lower  jaw  are 
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attached  behind  to  a  movable  quadrate  bone,  which  is  in  tun 
connected  with  a  movable  squamosal,  this  g^\nng  an  enonooui 
width  of  gape  to  these  animals.  In  the  Lizards,  however,  evai 
in  those  most  like  the  Snakes,  the  halves  of  the  lower  jaw  are 
firmly  united  to  one  another  in  front,  and  though  the  f^uadnit 
bone  is  usually  more  or  less  movable,  the  jaws  can  in  coast 
be  separated  to  anything  like  the  extent  that  charactenses  tJK 
Ophitiia. 

The  Lizards  are  distinguished  from  the  Crocodiles,  ami 
other  characters,  by  the  fact  that  the  integumentary  co 
in  the  form  of  homy  scales,  never  with  bony  "  scutes**  w' 
the  teeth  are  rarely  orneversunk  into  distinct  sockets.  In 
cases  the  teeth  arc  anrhytosed  to  the  summit  oi  the  maigui 
the  jaw  ("acrodonl"  dentition);  in  other  cases  they  art  il- 
taciied  by  their  sides  to  the  inner  surface  of  the  jaw  (*"iilcun^ 
dont"  dentition). 

The  whole  order  of  the  LaceriUia  is  very  often  united  wiA 
the  next  group  of  the  Crocodiiia^  under  the  name  of 
The  term  "Saurian,"  liowever,  is  an  exceedingly  conv 
one  to  designate  all  the  reptiles  which  approach  the  \\ 
Lizards  in  external  configuration,  whatever  their  exact  n* 
may  be  ;  and  from  this  point  of  view  it  is  often  very  useful  tf 
applied  to  many  fossil  forms,  the  structure  of  which  is  only 
perfectly  known.  It  is  therefore  perhaps  best  to  employ 
term  merely  in  a  loose  general  sense. 

It  is  hardly  possible,  with  our  present  knowledge,  to  sp«al 
very  positi\'ely  as  to  the  exact  range  of  the  La^trtiiia  in  time. 
This  uncertainty  arises  from  two  causes — firstly,  that  there  a 
some  doubt  as  to  the  exact  age  of  some  deposits  which  hair 
yielded  Lacertilian  remains  ;  and  secondly,  that  the  affinities  of 
some  extinct  Reptiles  are  a  matter  of  considerable  questJon. 
Upon  the  whole,  the  oldest  known  Lacertilian  would  apportt 
be  the  Proiorosaunts  of  the  Middle  Permian  Rocks ;  thoqg^ 
good  authorities  have  placed  this  form  in  the  Crocodilian  group 
of  the  Thecodontia,  Pro/oresaurt/s attamed  a.  length  of  bclvwa 
three  and  four  feet,  and  differs  from  all  existing  Lizards  a 
having  its  teeth  implanted  in  distinct  sockets — this  bemfl 
Crocodilian  character.  In  other  respects,  the  Permian  repok 
approximates  closely  to  the  living  Monitors  (  VaraftUai)^  and  tt- 
slightly-cupped  vertebrx  would  lead  to  the  belief  that  it 
aquatic  in  its  habits. 

In  rocks  known,  or  supposed,  to  be  of  Triassic  age,  t»» 
rous  lacertilian  reptiles  have  been  discovered,  of  which 
most  important  are  Telerpdon,  Hyperodapf^tion ^  and  Rhv^ 
saurus.     Tckrpeton  ocoxt^  \u  ^Nx^xa.  u^ar  El^^in,  m  Scoil 
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which  have  been  variously  referred  to  the  Upper  Devonian 
end  to  the  Trias,  but  which  almost  certainly  belong  to  the  latter. 
Professor  Huxley  concludes  that  Teierpeton  "  presents  not  a 
single  character  approximating  it  towards  the  type  of  the  Ter- 
mian  Protosauria,  nor  to  the  Triassic  Rhynchosaurus^  and  other 
(probably  Triassic)  African  and  Asiatic  allies  of  that  genus, 
nor  to  the  Mcsozoic  D'utosauria ;  still  less  can  it  be  considered 
a  *  generalised '  form,  or  as,  in  any  sense,  a  less  perfectly  organ- 
ised creature  than  the  Gecko,  whose  swift  and  noiseless  nm 
over  walls  and  ceilings,  surprises  the  traveller  in  wanner  cli- 
mates than  our  own,"  In  its  dentition,  Te/trpeton  seems  to 
have  been  "  acrodont,"  and  it  diflfers  from  most  existing  Li/ards 
merely  in  having  amphicoelous,  and  not  proccelouSj  vertebrae. 

Uypcrodaptdon  was  originally  discovered  in  the  "  Klgin  Sand- 
atones  "  along  with  Te/trpeton^  and  it  has  since  been  found  in 
strata  of  Triassic  age  in  India.  It  was  described  by  Professor 
Huxley  as  "  a  Saurian  reptile  about  six  feet  long,  remarkable 
for  the  flattened  or  slightly  concave  articular  surfaces  of  the 
centra  of  its  vertebra,  and  for  its  well-developed  costal  system 
And  fore  and  hind  limbs  ;  but  more  particularly  characterised 
by  its  numerous  series  of  sub-cylindrical  palatal  teeth."  Upon 
tte  whole,  Huxley  concludes  that  liyprroiiapfdon  is  most 
nearly  allied  to  the  living  Sphaicdim  {HaticrUi)  of  New  Zealand, 
upon  the  grounds  that  both  *^  have  amphictelous  vertebrae 
(those  of  the  ancient  reptile  being  far  less  fish-like  than  those 
of  the  modem  one,  be  it  noted) ;  both  have  beak-like  praeniax- 
illje,  not  anchylosed  together ;  both  have  the  inferior  zygoma 
complete;  both  have  similarly-formed  Jower  jaws;  in  each  a 
single  row  of  teeth  in  the  mandible  bites  between  two  rows  of 
teeth  fixed  to  a  plate,  which  is  formed  by  a  union  of  the  maxil- 
la with  the  palatine  bone — a.  structure  which  is  quite  anom- 
alous amongst  I^certilians  ;  and,  finally,  in  both,  these  teeth 
wear  down  to  the  bone  cf  the  jaw  by  masticatory  attrition.*' 

The  genus  Rhyndunaums  is  in  a  doubtful  position,  but 
may  conveniently  be  considered 
here.  By  Huxley  its  affinities 
are  regarded  as  being  Lacerlili- 
an,  but  by  Owen  it  is  looked 
ti()on  as  belonging  to  the  Ano- 
modontiiU  and  as  being  most 
nearly  allied  to  Oudmodon.  In 
many  points  Rhymhosaunts  ap- 
proaches the  existing  Lizards, 
but  its  vertebra?  arc  amphiccelous,  and  the  structure  of  the 
niouth  is  quite  unlike  that  of  any  living  LacenvVvan.    'IVvt  ^^3^\ 


Fig-  3>5 — bkull  oi  kkyuhatiturus  arti- 
<f^i.    (AftcfOwen.)    'IriiU. 
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(fig,  315)  is  pyramidal,  and  the  jaws  do  not  exhibit  any 
of  teeth.  If  the  mouth  be  really  edentulous,  then  Jihyruh^t 
rus  should  probably  be  removed  from  the  La£^iUia\  but  thai 
point  cannot  in  the  meanwhile  be  definitely  decided  in  the 
affirmative. 

Amongst  other  Triassic,  or  supposed  Triassic,  Laccrtilian^ 
may  be  mentioned  Saurosternon  and  Prister&don^  from  strata 
believed  to  be  of  Triassic  age  in  Africa,  and  C/^fsysaurns  »od 
Ccntcmodon  from  deiwjsits  of  the  same  age  in  North  America 

In  the  Jurassic  period,  the  remains  of  I^certilians  arc  no( 
unknown,  but  call  for  little  special  notice.     Several  forms  of 
little  importance  have  been  described  from  the  Middle  Oolitt 
In  the  fresh-water  strata  of  the  Purbeck  series  (Upper  Oolil 
occur  the  remains  which  have  been  referred  to  the  gew 
NutheUSy  MtucUodon^  ^uriiius^  and  Echinodoii.     These 
perhaps,  the  first  traces  in  the  stratified  series  of  remains, 
affinities  of  which  to  the  typical  iMceriida  cannot  be  disput 

In  the  Cretaceous  series  occur  the  small  Lizards  which 
stitiile  the  genera  RaphiosauntSy  Comosaums^  and  DoHd 
rtis.     Here  also,  and  almost  exclusively  confined  to  strata 
this  age,  occur  the  singular  Lacertilians  which  form  the 
of  the  *'  Mosasauroids."    These  remarkable  Reptiles  were 
gigantic  size,  Mosasaurus  pritueps  being  believed  to  have  at- 
tained the  enormous  length  of  not  less  than  seventy-five  fca. 
The  teeth  in  these  reptiles  (fig.  316)  are  long,  pyramidal,  and 


Fig.  316.— Skull  of  Moiiuaurtu  Camfrri,  much  reduced.     Maeuncht  Quit 

slightly  curved  ;  but  they  are  anchyloscd  to  the  jaw,  and 
not  sunk  into  distinct  sockets,  as  in  the  living  Crocodil 
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From  the  shortness  of  the  humerus,  and  the  indications  that 
the  vertebral  column  was  unusually  flexible,  and  that  the  tail 
was  laterally  compressed^  it  was  early  conjectured  that  the 
Mosasauroids  were  marine  and  aquatic  in  their  habits.  This 
conjecture  has  been  raised  to  the  rank  of  a  certainty  by  the 
iiscover)-  that  the  fore  and  hind  limbs  of  the  Mosasauroids 
irere  in  the  form  of  fin-like  paddles,  like  those  of  the  Ichthyo- 
BLur  and  Plesiosaur.  There  can  therefore  be  no  doubt  that 
Mcsasaurus — like  the  living  Ambiyrhynchns — wasaf|uatic  in  its 
nbits,  and  frequented  the  sea-shore,  coming,  in  fact,  only  oc- 
casionally to  the  land.  The  best-known  genus  is  MosasauruSy 
of  which  the  most  celebrated  species  is  the  Af.  Campcri  {tig. 
}i6)  of  the  Maestricht  Chalk.  Other  genera  belonging  to  this 
proup  are  Lewdon^  Baptosaurus^  and  Ha/haurus.  Recently, 
hilarsh  has  described  bony  dermal  scutes  as  present  in  several 
Mosasauroids  (c.a'.,  Hoicodns^  Ldodon,  and  Edestosaurus),  thus 
rendering  their  Lacertillan  aflTuiities  doubtful. 

In  the  Tertiary  Rocks  the  remains  of  Lacertilians  are  not  by 
any  means  unknort*n»  but  none  of  the  forms  of  this  period  are 
Bafficiendy  important  to  demand  especial  attention.  Most  of 
die  Tertiary  Lacertilians,  however,  are  of  small  size,  and  ap- 
pear to  have  been  terrestrial  in  theii"  habits,  thus  approximating 
to  the  typical  existing  Lizards. 

Order  IV.  Crocodilia. — The  last  and  highest  order  of 
Ihe  living  Rtptilia  is  that  of  the  Crocodilia^  including  the  living 
Crocodiles,  Alligators,  and  Gavials,  and  characterised  by  the 
bllowing  peculiarities : — 

The  body  is  covered  with  an  outer  epidermic  exoskeleton 
omposed  of  horny  scales,  and  an  inner  dermal  exoskeleton 
onsisting  of  squared  bony  plaies  or  scutes,  which  may  be  con- 
ned to  the  dorsal  surface  alone,  or  may  exist  on  the  ventral 
nrface  as  well,  and  which  are  disposed  on  the  back  of  the 
leck  into  groups  of  different  form  and  number  in  different 
pecies.  The  bones  of  the  skull  and  face  are  firmly  united  to- 
ether,  and  the  two  halves  or  rami  of  the  lower  jaw  are  united 
J  front  by  a  suture.  There  is  a  single  row  of  teeth,  which  are 
mplanted  in  distinct  sockets,  and  hollowed  at  the  base  for  the 
lerms  of  the  new  teeth,  by  which  they  are  successively  pushed 
AXX  and  replaced  during  the  life  of  the  animal.  The  centra  of 
le  dorsal  vertebra;  in  all  living  Crocodiiia  are  procoelous,  or 
oncave  in  front,  but  in  the  extinct  forms  they  may  be  either 
tmphiccelous  (concave  at  both  ends)  or  opisthoccelous  fcon- 
ave  behind).  The  vertebral  ends  of  the  anterior  trunk-ribs 
ire  bifurcate.  There  are  two  sacral  vertebra.  The  cervical 
ertebrse  have  small  ribs  (hence  the  difficulty  experienced  by 


366 


REPTILIA- 


the  animal  tn  turning  quickly) ;  and  there  are  genemlly  bi^ 
abdominal  ribs  produced  by  the  ossification  of  !hc  icndinouj 
intersections  of  the  rirdi  muscles.  There  are  no  cluriUci. 
The  heart  consists  of  four  completely  distinct  and  Mpamtc 
cavities,  two  auricles,  and  two  ventricles,  the  ventricular  scp- 
turn — as  in  no  other  Reptiles — being  complete.  The  right  nil 
left  aortre,  however,  or,  in  other  words,  the  pulmonar>'  ancry 
and  systemic  aorta,  are  connected  together  close  to  their  origin 
by  a  small  aperture  (foramen  Panizza:)^  so  that  the  two  tides 
of  the  heart  communicate  with  one  another.  The  aperture cf 
the  cloaca  is  longitudinal,  and  not  transverse,  as  in  the  Lizardk 
All  the  four  limbs  are  present,  the  anterior  ones  bein^  penU- 
dactylous,  the  jx>sterior  tetradactylous.     All  arc  oviparous 

The  chief  points  by  which  the  Crocodiles  are  distinguii 
from  their  near  allies,  the  Lacertllians,  are  the  possession 
a  partial  bony  dermal  exoskeleton  in  addition  to  tlie  ordi 
epidermic  covering  of  scales,  the  lodgment  of  the 
distinct  sockets,  and  the  fnct  that  the  mixture  of  v< 
arterial  blood,  which  is  so  characteristic  of   RcptiU 
place,  not  in  the  heart  itself,  but  in  its  immediate  nq( 
hood,  by  a  communication  between  the  pulmonary  artery 
aorta  directly  after  their  origin. 

The  order  Crocodilia  is  divided  into  three  sub-orders,  lenncd 
Procofiia,  AmphictxHa^  and  Opisthoazlia  according  as  the  d< 
vertebne  are  concave  in  front,  concave  at  both  ends,  or 
cave  behind.     The  sub-order  Proccelia  comprises  all  the  li>n 
forms— namely,  the  Crocodiles  proper,  tlie  Alligators,  and 
Gavials.     The  first  of  these  have  the  fourth  tooth  in  the  K 
jaw  (fig.  317)  larger  than  the  others,  forming  a  canine 


^8-  Sir^—Skuli  or  young  Cr9c*dilHt  Hp^rtmtm  [after  Van  dtr  HOvtal- 

which  is  received  into  a  notch  excavated  in  the  alveobr 
of  the  upper  jaw,  so  that  it  is  Wsible  externally  when  the  moat 
is  closed.     In  the  Alligators  (fig.  318),  the  fourth  tooth  in  " 
lower  jaw  forms  a  canine  which  is  received  into  a  pit  in  1 
palatal  surface  of  the  upper  jaw,  where  it  is  completely « 
cealed  when  the  mouth  is  shut     In  the  Gavials  the  snouti 
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*tly  prolonged,  and  the  teeth  are  pretty  nearly  equal  in  size 
i  similar  in  form  in  the  two  jaws. 

The  Prixaiian  Crocodiles  occur  for  the  first  lime  in  the 
jensand  (Cretaceous  Series)  of  North  America.  In  Europe, 
wever,  the  earliest  remains  of  Proccelian  Crocodiles  are  from 
Lower  Tertiary  Rocks  (Eocene).  It  is  a  curious  fact  that 
the  Eocene  Rocks  of  the  south-west  of  England,  there  occur 
sil  remains  of  all  the  three  living  types  of  the  Croiodilia — ■ 
ncly,  the  Gavials,  true  Crocodiles,  and  Alligators  ;  though 
the  present  day  these  forms  are  all  geographically  restricted 
their  range,  and  nre  never  associated  together. 


f 


Fig.  jiS.  —  [filter  jdw  of  ail  AUigalor.      K'i<  cnc  1  i,-ru.try.  Isle  uf  WJ^ht. 


The  Amphueelian  Crocodiles  are  characterised  by  their 
concave  vertebrae,  and  are  entirely  extinct,  being  confined 
together  to  the  Mesozoic  period.  The  biconcave  vertebri^ 
ow  a  decided  approach  to  the  structure  of  the  backbone  in 
hes ;  and  as  the  rocks  in  which  they  occur  are  mostly  marine, 
ere  can  be  little  doubt  bvit  that  these  Crocodiles  were,  in 
5  majority  of  cases  at  any  rate,  inhabitants  of  the  sea.  The 
>ical  members  of  this  sub-order  range  from  the  Lias  to  the 
lalk ;  and  the  most  important  genera  are  TeUosaurus^  Sienct>- 
^rus^  Dakosaurus^  Makrospondylus^  Goniopholis^  and  Sucho- 
"irj,  the  two  last  mentioned  occurring  in  the  fresh-water 
posits  of  the  Wealden  (Cretaceous). 

The  Sttigcnokpis  of  the  Elgin  Sandstone^  with  its  pitted  dermal 
f^y  scutes,  is  now  belie\'ed  to  be  truly  referable  to  the  Croco- 
»<«.  As  before  said,  the  Elgin  Sandstones  are  probablyTriassic 
^e  may  briefly  consider  here  a  group  of  Reptiles  which 
^^  been  regarded  as  Crocodilian,  but  which  are  placed  by 
|"en  in  a  separate  order  under  the  name  of  ThecodoniUi^  and 
icH  are  looked  upon  by  Hu.xley  as  being  Dcinosaurian.   The 
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"Thecodont'*  Reptiles  are  defined  as  follows: — "Veit^ 
bodies  biconcave ;  ribs  of  the  trunk  long  and  bent,  the  ant 
ones  with  a  bifurcate  head;  sacrum  of  three  vertebric ;  \i 
ambulatory,  femur  with  a  third  trochanter.  Teeth  with 
crown  more  or  less  compressed,  pointed,  with  trenchant 
finely  serrate  margins,  implanted  in  distinct  sockets," — (Ot 

The  Thecodont  Re|)liles  are  Triassic,  and  the  three  mosti 
portant  genera  are  Thecodoutosaurus^  Pai<eosaurus^  and 
the  lail  from  undoubted  Triassic  strata,  wliilst  the  two  fo 
occur   in   a  dolomitic   conglomerate  near   Bristol,  which 
sometimes  been   thought  to  be  Permian,   but  which  is 
almost   certainly  Triassic     In   some   respects    these  rept 
make  an  approach  to  the  Lacertians ;  but,  on  the  whole,  lit 
doubt  can  be  entertained  as  to  their  truly  belonging  to  liie 
AmphiccElian  Crocodiles. 

The  sub-order  of  the   Opist^wcalian  Crocodiles,  incli 
those  forms  in  which  the  anterior  trunk  vertebne  are  coi 
behind,  is  one  which  can  be  only  provisionally  retained, 
fessor  Owen   includes  in  this  section  the  two  genera 
spondyius  and   Cdiosaurus;  but  the  latter  is  referable  to 
Deijwsauria,  and  will  be  treated  of  when   that   order  is 
sidered-     The  genus  Sireptospondylus  has   been  founded 
vertebrK  obtained  from  the  Oolitic  and  Wealden  fomiatioos] 
but  there  are  doubts  as  to  the  true  position  of  the  reptile 
which  these  belonged. 


CHAPTER  XXXIIL 
EXTINCT  ORDERS  OF  REPTILES, 


It  remains  now  to  consider  briefly  the  leading  cbancten 
five  wholly  extinct  orders  of  Reptiles,  the  peculiarities  of  »h* 
are  very  extraordinary,  and  are  such  as  are  exliibited  by 
living  forms. 

Okukr  V.  IcHTHYOPTERVGiA,  Owen  ( =  Ichthyosauris^  Hi 
ley). — The  gigantic  Saurians  forming  this  order  were  dis 
guished  by  the  following  characters  : — 

The  body  was  fish-like,  ^^ithout  any  distinct  neck,  and  pro- 
bably covered  with  a  smooth  or  wrinkled   skin,  no  homj- 
bony  exoskeleton  having  been  ever  discovered.     The  verte' 
were  numerous,  deeply  biconcave  or  amphiccelous,  and  lia^ 
the  neural  arches  united  to  the  centra  by  a  distinct  sui 
The  anterior  trunk-ribs  possess  bifurcate  heads.     There  i 
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I,  and  no  sternal  ribs  or  sternum,  but  clavicles  were  pre- 
as  well  as  an  interclavicle  (episternum) ;  and  false  ribs 
developed  in  the  walls  of  the  abdomen.  The  skull  had 
lOQs  orbits  separated  by  a  septum,  and  an  elongated 
kout.  The  eyeball  was  protected  by  a  ring  of  bony  plates  in 
^  sclerotic.  The  teeth  were  not  lodged  in  distinct  sockets, 
kit  in  a  common  alveolar  groove.  The  fore  and  hind  limbs 
jtre  converted  into  swimming-paddles,  the  ordinary  number 
r  digits  (five)  remaining  recognisable,  but  the  phalanges  being 
peatly  increased  in  number,  and  marginal  ossicles  being  added 
IL     A  vertir:!  -nridal  fin  was  in  all  probability  present. 


Zja 


Fig.  319. — fchtkyvsniimu  commMNiM,      Lioit. 

order  Idithyopterygia  includes  only  the  gigantic  and 
-like  Jchihyosauri  (fig.  3i9)»  all  exclusively  Mesozoic,  and 
ftunding  in  the  Lias,  Oolites,  and  Chalk,  but  especially  char- 


jie.— Two  vmwbnc  of  Epsahrm  AatdieHtis  (ManhX     Coft]-iae««are«  of 
Nova  Scolta.     (Aflrr  Daw«Lin.) 

itic  of  the  Lias.   There  is  no  doubt  whatei'cr  but  that  the 
Wiyosauri  were  essentially  marine  animals,  and   they  have 

Etften  included  with  the  next  order  (SauroJUerygia)  in  a 
an  group,  under  the  name  of  Enaliosauria  or  Sea-lizards, 
: 
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In  1861  Professor  Marsh  discovered  in  the  Coal-mcuurtt 
of  Nova  Scotia  two  large  amphictjelous  vertebrae,  which 
described  under  the  name  of  Eosaurtis  Acadi^nii.     Th< 
vertebne  (fig.  320)  are  of  very  large  size  (about  two  and  a: 
inches  in  diameter),  and  they  are  deeply  excavated  at 
ends.     They  are  regarded  by  Professor  Marsh  as  tm 
the  existence  in  the  later  Carboniferous  period  of  a 
reptile  allied  to  Ichthyosaurus.      By  Huxley,  however, 
believed  tliat  these  remains  may  truly  belong  to  some 
Labyrinthodont. 

In  the  biconcave  vertebrae  and  probable  presence  of  a 
tical  tail-fin,  the  Ichthyosaurus  approaches  the  Inie  Fia] 
There  is,  however,  no  doubt  as  to  the  fact  that  the  anr 
was  strictly  an  air-breather,  and  its  reptilian  character!  cam 
be  questioned,  at  the  same  time  that  the  conformation  of 
limbs  is  decidedly  Cetacean  in  many  respects.  Much 
been  gathered  from  various  sources  as  to  the  habits  of 
Ichthyosaurus^  and  its  history  is  one  of  great  interest  Fr 
the  researches  of  Buckland,  Conybeare,  and  Owen,  the 
lowing  facts  appear  to  be  pretty  well  established : — That 
Ichthyosauri  kept  chietly  to  open  waters  may  be  inferred  Crora' 
their  strong  and  \velI-dcveloped  swimming-apparatus.  That 
they  occasionally  had  recourse  to  the  shore,  and  crawled  upoa 
the  beach,  may  be  safely  inferred  from  the  presence  of  a  strong 
and  well-developed  bony  arch,  supporting  the  fore-limbs,  aod 
closely  resembling  in  structure  the  scapular  arch  of  the  On\- 
thorhynchus  or  Duck-mole  of  Australia,  That  ihcy  lived  la 
stormy  seas,  or  were  in  the  habit  of  diving  to  considcnLle 
depths,  is  shown  by  the  presence  of  a  ring  of  bony  pbtci  is 
the  sclerotic,  protecting  the  eye  from  injury  or  pressure.  Thil 
they  possessed  extraordinary  powers  of  vision,  cspenalK  in 
the  dusk,  is  certain  from  the  size  of  the  pupil,  and  from  the 
enormous  width  of  the  orbits.  That  they  were  camiTOroaij 
and  predatory  in  the  highest  degree  is  shown  by  the 
mouth,  the  long  jaws,  and  the  numenaus,  powerful,  and  point 
teeth.  This  is  proved,  also,  by  an  exammation  of  their 
fied  droppings,  which  are  known  to  geologists  as  ^  coprolit 
and  which  contain  numerous  fragments  of  the  scales  and 
of  the  Ganoid  fishes  which  inhabited  the  same  seas. 

Order  VI.  Sauroptervgia,  Owen  (  =  Pleswsauria^  Huxh 
— This  order  of  extinct  reptiles,  of  which  the  welI-kno*n 
siosnurus  maybe  taken  as  the  type,  is  characterised  byi 
following  peculiarities: — 

The  body,  as  far  as  is  known,  was  naked,  and  not  fumt 
with  any  horny  or  bony  exoskeleton.     The  bodies  of  the 
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tebrse  were  either  flat  or  only  slightly  cupped  at  each  end,  and 
the  neural  arches  were  anchylosed  with  the  centra,  and  did 
not  remain  distinct  during  life.  The  transverse  processes  of 
the  vertebrae  were  long,  and  the  anterior  trank-rihs  had  simple, 
not  bifurcate,  heads.  No  sternum  or  sternal  ribs  are  known 
to  have  existed,  but  there  were  false  abdominal  ribs.  The 
neck,  in  most,  was  greatly  elongated,  and  composed  of  numer- 
ous vertebrie.  The  sacrum  was  composed  of  two  vertebrae. 
The  orbits  were  of  large  size,  and  there  was  a  long  snout,  as 
in  the  Ichthyosauri^  but  there  was  no  circle  of  bony  plates  in 
the  sclerotic  The  limbs  agree  with  those  of  the  Ichthyosauri 
in  being  in  the  form  of  swimming-paddles  (fig.  521),  but  differ 
in  not  possessing  any  supernumerary  marginal  ossicles,  A 
pectoral  arch,  formed  of  two  clavicles  and  an  interclavicle 
(epistemum),  appears  to  have  been  sometimes,  if  not  always, 
present  The  teeth  were  simple,  and  were  inserted  into  dis- 
tinct sockets,  and  not  lodged  in  a  common  groove. 


Fig.  331. — rUiiofmrui  aoikkaJftrut.     Ltas 

[The  most  familiar  and  typical  member  of  the  Sauropterygia 
le  PUsiosaurtts  (fig,  321),  a  gigantic  marine  reptile,  chiefly 
iracteristic  of  the  Lias  and  Oolites-  As  regards  the  habits 
of  the  P/csiosaumSy  Dr  Conybeare  arrives  at  the  following  con- 
clusions :—**  That  it  was  acjuatic  is  evident  from  the  form  of 
tts  paddles ;  that  it  was  marine  is  almost  equally  so  from  the 
remains  with  which  it  is  universally  associated  j  that  it  may 
have  occasionally  visited  the  shore,  the  resemblance  of  its  ex- 
tremities to  those  of  the  Turtles  may  lead  us  to  conjecture; 
i  its  movements,  however,  must  have  been  very  awkward  on 
P?  land  ;  and  its  long  neck   must  ha^e  impeded  its  progress 
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through  the  water,  presenting  a  striking  contrast  to  the  origani. 
salion  which  so  admirably  fits  the  Ichihyosaurus  to  cut  througb 
the  waves."  As  its  respiratory  organs  were  such  that  it  muM 
of  necessity  have  required  to  obtain  air  frequently,  wo  m  , 
conclude  "that  it  swam  upon  or  near  the  surface,  ar  n  i^ 
back  its  long  neck  like  a  sn'an,  and  occasionally  darting  u 
down  at  the  fish  which  happened  to  float  within  its  reach.  It 
may  perhaps  have  lurked  in  shoal  water  along  the  coast,  con- 
cealed amongst  the  sea-weed  ;  and  raising  its  nostrils  to  t 
level  with  the  surface  from  a  considerable  depth,  may  have 
found  a  secure  retreat  from  the  assaults  of  powerful  enemini 
while  the  length  and  flexibility  of  its  neck  may  have  coiD' 
pensated  for  the  want  of  strength  in  its  jaws,  and  its  incapacity 
for  swift  motion  through  the  water." 

The  geological  range  of  the  Plesiosaurus  is  from  the  Lias  lo 
the  Chalk  inclusive,  and  specimens  have  been  found  indicai- 
ing  a  length  of  from  eighteen  to  twenty  feet. 

About  twenty  species  of  Plesiosaurus  have  been  dcscnbttl 
in  all.  Of  the  remaining  genera  of  the  Sauropteiygia,  Noth- 
saurus,  Sintosaurus,  PlacoduSy  PistosauruSy  and  Concku-naurm 
are  Triassic.  \r\  Nolhosaums  the  neck  is  long,  composed  of 
at  least  twenty  vertebrre.  The  dorsal  vertebras  are  biconcave, 
and  the  limbs  are  converted  into  swimming-paddles.  The 
teeth  arc  numerous  and  conical,  and  are  implanted  into  Amt 
tinct  sockets.  Several  species  are  known,  all  Triassic,  and 
especially  characteristic  of  the  Muschelkalk.  Simosaurus  had 
a  large  head  with  enormous  orbits,  and  teeth  sunk  into  dts- 
tinct  sockets.  This  genus  is  exclusively  confined  to  the  Mus- 
chelkalk.     In   Piacodus  (fig.  332),   the  teeth  are   in  distinrt 

sockets,  and  resemble  those  irf 
many  fishes  in  being  round- 
ed and  obtuse,  forming  broad 
cnishing  plates  adapted  for  the 
comminution  of  shcU-fish.  The 
upper  jaw  contains  a  doi^blc 
series  of  these  teetli,  an  outer 
or  maxillary  series,  and  an  io- 
temal  or  palatal  senes ;  bat 
the  under  jaw  has  only  a 
gle  row  of  teeth. 

Lastly,    in   Piiosaums 
have  a  huge  reptile,  alliol 
the  PUswsaurus  tn  its  fin- 
paddles,  but  having  an  enormous  head  supported  upon  a 
neck.     The  teeth  are  simple  and  conical,  and  in  lai;ge  sj 


Fig.  3»7. — Under  surface  of  the  upper  jaw 
in  /YttfA/iwi  j[igai-    Muschelkalk. 
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mens  attain  a  great  size.     Pliosaurus  is  confined  to  the  Middle 
and  Upper  Oolites. 

Order  VII.  Anomodontia. — The  members  of  this  order 
Are  especially  characterised  by  the  structure  of  the  mouth,  the 
jaws  being  converted  into  a  kind  of  beak,  which  was  pro- 
bably sheathed  in  horn,  and  resembled  the  jaws  of  a  Turtle. 
Sometimes  the  mouth  appears  to  have  been  wholly  destitute 
of  teeth,  but  in  other  cases  there  was  a  single  pair  of  teeth 
implanted  in  the  upper  jaw,  growing  from  persistent  pulps, 
and  assuming  the  character  of  great  tusks.  The  dorsal  verte- 
brae are  biconcave,  and  the  anterior  trunk-ribs  have  bifurcate 
heads.  'I'he  sacrum  is  large,  composed  of  several  vertebrae. 
The  animal  seems  to  liave  been  organised  for  terrestrial  pro- 
gression, the  pectoral  and  pelvic  arches  being  strong,  and  the 
Lmbs  well  developed. 

By  Owen  the  genera  Dicynodon^  Oudefwdon^  and  RhynckiJ- 
fourus  are  included  in  this  order;  but  the  last  of  these  is 
fe'egarded  by  Huxley  as  a  Lacertilian.     In  Dicynodon  (fig.  323, 


T^.  533. — A,  Skull  of  DkynedfH  ttUfrtUef^t,  »howine  tlie  maxillary  tusV.     B.  Skull 
of  OftiieH&d&H  Btiimii.     From  ihc  Trias  of  South  Africa.     ^After  Owen.) 

;V  the  anterior  portions  of  the  jaws  appear  to  have  been  a!- 
,gether  toothless;  and  they  form  a  kind  of  beak,  which  was 
bably  sheathed  in  horn.     The  lower  jaw  has  no  l^iesiv*,  "Wt 
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each  superior  maxilla  carries  an  enormous  tuak-like 
growing  from  a  persistent  puJp.  In  Oudmodon^  on  the 
hand,  the  mouth  is  beak-shaped  (fig.  323,  B),  and  seem 
have  possessed  no  teeth  of  any  kind-  Dicyrtiidon  and 
don  are  known  only  from  strata  of  supposed  Triassic  age  in 
India  and  South  Africa.  Rhytidiosaurus  also,  if  truly  rcfa* 
able  here,  is  Triassic,  occurring  in  Europe. 

Order  VIII.  Ptkrosauria. — This  order  includes  a 
of  extraordinary  flying  Reptiles,  all  belonging  to  the  M( 
epoch,  and  exhibiting  in  many  respects  a  very  exiraonlii 
combination  of  characters.      The  most  familiar  raemben 
the  order  are  the  so-called  *'  Pterodactyles/'  and  the  foII( 
are  the  characters  of  the  order : — 

No  exoskeleton  is  known  to  have  existed.  The  d< 
vertebne  are  proccelous,  and  the  anterior  tnink-ribs  are  doBl 
headed.  There  is  a  broad  sternum  with  a  median  ridge 
keel,  and  ossified  sternal  ribs.  The  jaws  are  always 
with  teeth,  and  these  were  implanted  in  distinct  sockets.  In 
some  forms  {Ramphorhxnchus)  there  appear  to  have  been  r^i 
teeth  in  the  anterior  portion  of  the  jaws,  and  these  parts  sccni 
to  have  been  sheathed  in  horn,  so  as  to  constitute  a  kind  of 
beak.  A  ring  of  bony  plates  occurs  in  the  sclerotic  cn.it  of 
the  eye.  The  pectoral  arch  consists  of  a  scapula  and  dbimr 
coracoid  bone,  articulating  with  the  sternum  as  in  Binls,  but 
no  clavicles  have  hitherto  been  discovered.  The  forelinili 
(fig.  324)  consists  of  a  humerus,  ulna  and  radius,  carpus,  ami 
hand  of  four  fingers,  of  which  the  inner  three  are  short  and 
unguiculate,  whilst  the  outermost  is  clawless  and  is  cnonnous- 
ly  elongated.  Between  tliis  immensely-lengthened  finger,  the 
side  of  the  body,  and  the  comparatively  small  hind-limb,  there 
must  have  been  supported  an  expanded  Hying-raembranc  or 
"  patagiiim,"  which  the  animal  must  have  been  able  to  empJoy 
as  a  wing,  much  as  the  Bats  of  the  present  day.  Lastly, 
of  the  bones  were  "  pneumatic" — that  is  to  say,  were  h( 
and  filled  with  air. 

By  the  presence  of  teeth  in  distinct  sockets,  and,  as  will 
seen  liereafter,  esi^ecially  in  the  structure  of  the  limbs, 
Pterodacl)'les  diflered  from  all  known  Birds,  and  there 
be  little  question  as  to  their  being  genuine  Reptiles.  The< 
Reptile,  however,  now  existing,  which  possesses  any  powtrl 
sustaining  itself  in  the  air,  is  the  little  Dtiuo  volaHS^\M 
can  only  take  extended  leaps  from  tree  to  tree,  and  cannrt 
said  to  have  any  jjower  of  flight  properly  so  called, 
the  Ptcrodactylcs,  oti  the  other  hand,  possessed  the  powffi 
genuine  dight,  is  shown  by  the  presence  of  a  median  keel  u; 
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sternuni,  proving  the  existence  of  unusually-developed 

toral  muscles ;  by  the  articulation  of  the  coracoid  bones 

the  top  of  the  stenium,  providing  a  fixed  point  or  fulcrum 

he  action  of  the  pectoral  muscles ;  and,  lastly,  by  the  exist- 

of  air-cavities  in  the  bones,  giving  the  animal  the  neces- 

degree  of  lightness.     The  apparatus,  however,  of  Jlight  was 

It  a  **wing,"  as  in  Birds,  but  a  fiying-niembrane,  very  similar 

its  mode  of  action  to  the  patagium  of  the  Mammalian  order 

the  Bats.     The  patagium  of  the  Bats,  however,  differs  from 

of  the  Pterodactyles  in  being  supported  by  the  greatly- 

igated  fingers,  whereas  in  the  latter  it  is  only  the  outermost 

rer  which  is  thus  lengthened  out. 


%^4.—Plervfiaeiytuierasriwvftrts.     From  ihe  Ulhogniphic  Slatst  of  Sokahortn. 
(Upper  Ouliie). 

The  difficulty  as  to  the  position  of  the  Pterosauria  is  evaded 

Mr  Seeley  by  placing  them  in  a  distinct  class,  which  he 

IS  Ornithosauria^  and  which  he   regards  as  most  nearly 

1  to,  but  coequal  with,  the  class  Aves. 

The  Pterosauria  are  exclusively  Mesozoic,  being  found  from 

te  Lower  Lias  to  the  Middle  Chalk  inclusive,  the  Lithographic 

late  of  Solenhofen  (Upper  Oolite)  being  particularly  rich  in 

dr  remains.     Most  of  them  appear  to  have  attained  no  very 

Lt  size,  but  the  remains  of  a  species  from  the  Cretaceous 

:ks  have  been  considered  to  indicate  an  animal  with  more 

I  twenty  feet  expanse  of  wing,  counting  from  tip  to  tip. 

In  the  genus  FUroiiadyius  proper,  the  jaws  are  prodded 


37^ 


REPTILIA. 


with  teeth  to  their  extremities,  all  the  teeth  being  long 
slender. 

In  Dimarphodoity  the  anterior  teeth  are  large  and  pot 
the  posterior  tecih  small  and  lancet-shaped. 

In  Ramphor/iync/ius^  the  anterior  portion  of  both  jaw» 
edentulous^  and  may  have  formed  a  homy  beak,  but  teeth, 
present  in  the  hinder  portion  of  the  jaws. 

OkUER  IX.  Deinosauria. — The  last  order  of  the  R( 
is  that  of  the  Danosauria^  comprising  a  group  of  very  r« 
able  extinct  forms,  which  are  in  some  respects  inlermcdiitei 
their  characters  between  the  Cursorial  birds  and  the 
Reptiles ;  whilst  they  have  been  supposed  to  have 
to  the  Pachydermatous  Mammals.     Most  of  the  Dcim 
were  of  gigantic  size,  and  the  order  is  defined  by  the  foU( 
cliaracters : — 

The  skin  was  sometimes  naked,  sometimes  furnished  wiA] 
well-developed  exoskeleton,  consisting  of  bony  shields, 
resembling  those  of  the  Crocodiles.  A  few  of  the  an! 
tebr^e  were  opisthocoelous,  the  remainder  having  flat  ori 
biconcave  bodies.  The  anterior  trunk-ribs  were  double4ii 
The  tctth  were  confined  to  the  jaws  and  implanted  in  dis 
sockets.  There  were  always  two  pairs  of  limbs,  and  iht 
were  strong,  furnished  with  claws,  and  adapted  for  lerrostii 
progression.  In  some  cases  the  fore-IImbs  were  very  snullij 
proportion  to  the  sixe  of  the  liiad-limbs.  No  clavicles  hai 
been  discovered. 

The  teeth  arc  sometimes  implanted  In  distinct  sockets, 
they  are  never  anchylosed  with  the  jaws.     The  ischium 
pubes  are  much  elongated ;  the  inner  wall  of  the  acetabulu 
is  formed  by  membrane;  the  tibia  has  its  proximal  end  ptfrj 
longed  anteriorly  into  a  strong  crest;  and  tlie  astragalus 
bird-like  (Huxley). 

The  most  remarkable   points   in   the   organisation  of 
Ddnosaufia  are  connected  with  the  structure  of  die  pelvis 
hind-limb,  the  characters  of  which,  as  pointed  out  by  Hi 
approximate  to  those  of  the  same  parts  in  the  Birds, 
especially  in    the   Stmthious    Birds.     This   approximation 
especially  seen  in  the  prolongation  of  tlie  ilium  in  front  of  I 
acetabulum  (fig.  325),  the  elongation  and  slendemess  of  fa 
of  the  ischium,  and  the  slendemess  of  the  pubes.    The 
galus  is  like  that  of  a  bird,  and  in  some  cases  appears  to  hil 
become  anchylosed  with   the  distal  end  of  the  tibix 
metatarsal  bones,  however,  remain  distinct,  and  are  not 
chylosed  with  any  of  the  tarsal  bones  to  form  a  "  tarso-i 
tarsus." 
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rThe  Demosaurta  are  exclusively  Mcsozoic,  ranging  from  the 

»ic  to  the  Cretaceous  formation,  but  abounding  especialJy 

the    Oolitic    and    the 

rlier  portion  of  the  Cre- 

rous  period.     By  Pro- 

)r  Huxley  the  "The- 

lont"   Reptiles  are  re- 

Icd  as  belonging  here, 

has    been   already  re- 

:cd.     The  same  high 

thority    has    also    pro- 

;d    the    establishment 

a   new    order   termed 

xithosceiida   to    i  ncl  ude 

ordinary  Dcinosaurian 

)tiles    along    with   tlie 

ilai  Compsoptathus. 

A  large  number  of  gen- 

Rc  types  are  included  in 

DeinosaurUjy  of  which 

xnodon^    Megahsaurus^ 

"iosaurus^  and  Compsog- 

fJtus  may  be  especially 

rntioned.      Other     less 

iportant  forms  are   Pvi- 

'^pUuron^  luriaps^  Euske- 

xurus^  HyiaasauruSyHy- 

'ophodon^    and    Hadro- 

Yxf,.   375. — Leg  0/  Oeitwsnur.     il  tljiun  ;    ii 
The  JpUanodon  is  mam-      I«:hium  ;/ Femur  :/Tibu:i  Fibula;  a*  A^im- 

^^  1       '       T        /^  calus :   ra  CalcaneUin ;  jvr  MclaUniu.     (After 

not  exclusively,  Cre-     iiuxicy.)   ^^ 

ms,   being    especially 

icteristic  of  the  great  delta-deposit  of  the  Wealden,     The 

th  of  the  Iguanoiiim  has  been  estimated  as  being  probably 

fifty  to  sixty  feet,  and  from  the  close  resemblance  of  its 

:th  to  those  of  the  living  Iguanas,  there  is  little  doubt  that 

was  herbivorous  and  not  carnivorous.     Tht*  femur  of  a  large 

\UiXnoiion  measures  from  four  to  five  feet  in  length,  with  a  cir- 

imference  of  twenty-two  inches  in  its  smallest  part.     From 

disproportionately  small  size  of  the  fore-limbs,  and  from  the 

xurcnce  oi pairs  of  gigantic  three-toed  footsteps  in  the  same 

it  has  been  cunclucle<l,  with  much  probability,  that  .^- 

ion^  in  spite  of  its  enormous  bulk,  must  have  walked  lem- 

ilyor  permanently  upon  its  hind-legs,  thus  coming  to  pre- 

it  a  most  marked  and  striking  aftinity  to  the  Birds. 
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The  teeth  of  Tguanodon  (fig.  326)  present  a  singul 
resemblance  in  shape  to  those  of  the  comparatively 
Iguanas  of  the  present  day.     Their  crown  is  obtusely  sal 
aogular,  with  longitudinal  ridges,  and  having  the  surface  of  ^ 


enamel  crenated  on  one  or  both  sides.  They  present 
traordinary  feature  that  the  crowii  became  worn  downtoJj 
mastication,  showng  that  I^uanoihn  employed  the  icfihiade 
actual  trituration  of  the  vegetable  matter  on  which  it  fci 

The  gigantic  Cdiosaurus  of  the  Oolitic  and  CretacWl, 
Rocks  was  originally  placed  amongst  the  Croa*diIia;  butllji 
researciies  of  Professor  Phillips  have  shown  that  it 
really  to  the  Dfinosauria.  Having  obtained  a 
series  of  remains  of  this  rejuile.  Professor  Phillips  ha* 
able  to  determine  many  very  interesting  points  as 
anatomy  and  habits  of  this  colossal  animal,  the  total 
of  which  he  estimates  as  being  probably  not  less  Hm^ 
or  seventy  feet.  As  to  its  mode  of  life,  this  accompli^ 
writer  remarks  : — - 

"  Probably  when  *  standing  at  ease*  not  less  than  teoW 
height,  and  of  a  bulk  in  proportion,  this  creature  »^* 
matched  in  magnitude  and  jjhysical  strength  by 
largest  inhabitants  of  the  Meaozoic  land  or  sea-  D 
the  sea,  in  fresh  waters,  or  on  the  land  ?  This  ou 
not  be  answered,  as  in  the  case  of  Ichthyosaur 
the  accom^aii^Vci^  ot^^xivt  lexwaix^  \  ^c^t  some  • 
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narine  deposits,  others  in  situations  marked  by  estuarine 
ditions,  and,  out  of  the  Oxfordshire  district,  in  Sussex,  in 
iatile  accumulations.  Was  it  fitted  to  hve  exclusively  in 
cr?  Such  an  idea  was  at  one  time  entertained,  in  conse- 
ace  of  the  biconcave  character  of  the  caudal  vertebra:,  and 
1  often  suggested  by  the  mere  magnitude  of  the  creature, 
ch  would  seem  to  have  an  easier  life  while  floating  in  water, 
1  when  painfully  lifting  its  huge  bulk,  and  moving  with  slow 
)s  along  the  ground.  But  neither  of  these  arguments  is 
d.  The  ancient  earth  was  trodden  by  larger  quadnipeds 
n  our  elephant ;  and  the  biconcave  character  of  vertebrx, 
tch  is  not  uniform  along  the  column  in  Cetiosaurus,  is  perhaps 
much  a  character  of  a  geological  period  as  of  a  mechanical 
ction  of  life.  Good  e\ridence  of  continual  life  in  water  is 
Ided  in  the  case  of  Ichthyosaurus^  and  other  Enaliosaurs, 
the  articulating  surfaces  of  their  limb-bones,  for  these,  all  of 
:m,  to  the  last  phalanx,  have  that  slight  and  indefinite  adjust- 
mt  of  the  bones,  with  much  intervening  cartilage,  which  fits 
!  leg  to  be  bnth  a  flexible  and  forcible  instnmient  of  nata- 
n,  much  superior  to  the  ordinary  oar-blade  of  the  boatman. 
I  the  contrary,  in  Cetiosaur,  as  well  as  in  Megalosaur  and 
lanodon,  all  the  articulations  are  definite,  and  made  so  as 
correspond  to  determinate  movements  in  particular  direc- 
ts, ami  these  are  such  as  to  be  suited  for  walking.  In  par- 
Uar,  the  femur,  by  its  head  projecting  freely  from  the  ace- 
ulum,  seems  to  claim  a  movement  of  free  stepping  more 
allel  to  the  line  of  the  body,  and  more  approaching  to  the 
tical  than  the  sprawling  gait  of  the  crocodile.  The  large 
vs  concur  in  this  indication  of  terrestrial  habits.  But,  on 
other  hand,  these  characters  are  not  contrary  to  the  belief 
-^  the  animal  may  have  been  amphibious ;  and  the  great 
3cal  height  of  the  anterior  part  of  the  tail  seems  to  support 
explanation,  hut  it  does  not  go  ftirther.  For  the  later 
^laj  vertebrse,  instead  of  being  much  compressed,  as  in 
-osaurus,  are  nearly  circular  in  the  cross  section,  and  are 
("locked  by  posterior  zygapophyses,  extended  over  half  or 
^vhole  length  of  a  vertebra:.  We  have  therefore  a  nKirsh- 
^g  or  river-side  animal,  dwelling  amidst  filicine,  cycadace- 
and  coniferous  shrubs  and  trees  full  of  insects  and  small 
^Unalix  What  was  its  usual  diet?  If  «■  wrr^^  /fo/i^rt, 
*y  ex  dcftiicibum.  We  have  indeed  but  one  tooth,  and  that 
U  and  incomplete.  It  resembles  more  the  tooth  of  Iguan- 
**  than  that  of  any  other  reptile ;  for  this  reason  it  seems 
^able  that  the  animal  was  nourished  by  similar  vegetable 
i  which  abounded  in  the  vicinity,  and  was  uol  o\A\^'c^  vo 
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contend  with  Megalosaurus  for  a  scanty  supply  of  mure  sui 
lating  diet." 

Mtgahsijitrus  is  a  gigantic  Oolitic  Reptile,  which  occun; 
in  the  Cretaceous  series  (Weald  Clay).     Its  length  has 
estimated  at  between  forty  and  fifty  feet,  the  femur  and  (il 
each  measuring  about  three  feet  in  length.     As  the  head 
the  femur  is  set  on  nearly  at  right  angles  with  the  shaft.  «hi 
all  the  long  bones  contain  large  medullary  ca^-ities,  there 
be    no   doubt   but   that  Megahsai4nts   was   terrestrial  in 
habits.     That  it  was  carnivorous  and  destructive  in  the  hif 
degree  is  shown  by  the  poAverful,  pointed,  and  trenchant 

The  teeth  in  Af^alosaurus  are  conical,  compnesscri, 
finely  -  serrated   edges.      The    fore  -  limbs  are    extraoi 


Fif.  337.— Cranium  of  At egaJaiatinu,  rutoKcL     (After  Frofe 


smaller  than  the  hind-limbs.     The  teeth  do  not  become 
by  mastication  ;  and  there  appears  to  have  been  no  exoskdct 

One  of  the  most  remarkable  of  the  Deinosauria  is  the 
Compsifgmiihus  hngipcs  of  the  Lithographic  Slate  of  Sol 
regarded  by  Professor  Huxley  as  the  tyjje  of  a  special 
( CoMpsogfiatha)   of   his   order    Ornithoscelida,      The    s 
characters  distinguishing  this  group  are,  that  the  cervical 
of  the  spine  is  long,  and  the  femur  is  shorter  than  the  ti 
whereas  in  the  typical  Dcinosauria  the  neck  is  relatively 
and  the  femur  is  as  long  as,  or  longer  than,  the  tibia. 
sognathus  is  not  remarkable  for  its  size,  which  does  not 
to  have  been  much  more  than  two  feet,  but  for  the  stnl 
affinuies  which  it  exhibits  to  the  true  Birds,     The  head 
Compsogiiathus  was  furnished  with  it/o/Acd }a,wSf  and  sup; 
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►n  a  long  and  slender  neck.    The  fore-limbs  were  very  short, 

It  the  hind-limbs  were  long  and  like  those  of  Birds.     The 

tximal  portion  of  the  tarsus  resembled  that  of  Birds  in  being 

:hylosed  to  the  lower  end  of  the  libia  j  but  xh^iiisfai  portion 

the  tarsus — unlike  that  of  Birds — was  free,  and  was  not  an- 

lyiosed  with  the  metatarsus.     Pfuxley  concludes  that  *'  it  is 

ipossible  to  look  at  the  conformation  of  this  strange  Reptile, 

to  doubt  that  it  hopped  or  walked  in  an  erect  or  semi- 

:t  position,  after  the  manner  of  a  bird,  to  which  its  long 

:k,  slight  head,  and  small  anterior  limbs  must  have  given  it 

extraordinary  resemblance." 
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'he  fourth  class  of  the  VerUbrata  is  that  of  ^iw,  or  Birds. 
*he   Birds     may   be   shortly  defined   as    being   *'  oviparous 
'crtebrates    with  warm   blood,  a  double   circulation,  and  a 
Bering  of  feathers  "  (Owen).     More  minutely,  however,  the 
arc  defined  by  the   possession  of  the  following  char- 
ters : — 

The  skuR  articulates  with  the  vrrtebrat  column  by  a  sittgU  oc- 
Miai  condyle.  Each  half  or  ramus  of  the  Iviver  jaw  consists  of 
number  of  pieces  j  which  are  separate  from  one  another  in  the 
ibryo  ;  ami  t/tejaw  is  united  with  the  sku/t,  not  directly,  but  by 
intenrntion  of  a  quadrate  bone  {as  in  the  Reptiies).  Thefore- 
in  no  existing  birds  possesses  more  than  three  fingers  or 
r,  and  the  metacarpal  bones  are  anchylosed  together.  In  all 
Birds  the  fore-limbs  are  useless  as  r<gards  prehension^  and 
rt  they  are  organs  of  flight.  The  hind-limbs  in  all  Birds 
the  ankle-joint  placed  in  the  middle  of  the  tarsus,  the  proxi- 
irtton  of  the  tarsus  coalescing  with  the  tibia,  and  the  distal 
of  the  tarsus  being  anchylosed  with  the  metatarsus  to  con- 
titutea  single  bone  known  as  the  *'  tarso-metatarsusr 

The  heart  consists  of  four  chambers^  two  auricles  and  ttvo  ven- 

^idfs;  and  not  only  are  the  right  and  left  sides  of  the  heart  com- 

My  separated  from  one  another,  but  there  is  no  communication 

iet&ren  the  pulmonary  and  systemic  circulations^  as  there  is  in 

JttptUfs. 

The  respiratory  organs  are  in  the  form  of  spongy  cellular  hings^ 
nkuk  are  not  freely  suspended  in  pleural  saes ;  and  the  bronchi 
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optn  on  their  surface  into  a  number  of  air-sacs^  piaoBi  in  i^a 
parts  of  the  body. 

All  birds  are  at'iparouSy  none  bringing  forth  their  ymtngy 
or  being  e7'en   ot'o-vhnparons.     All  birds  are,  lastly, 
U'il/t  (in  epidermic  coverings  so  modified  as  to  amstitute  vltJti 
ktuyiim  as  feathers. 

Tiie  entire  skeleton  of  the  Birds  is  singularly  corapact'iMlj 
the  same  time  singularly  light.     The  compactness  is  due  to 
presence  of  an  unusual  amount  of  phosphate  of  lime;  ind 
lightness,  to  the  absence  in  many  of  the  bones  of  the  ordii 
marrow,  and  its  replacement  by  air. 

As  regards  the  vertebral  column.  Birds  exhibit  some  vay 
teresting  peculiarities.  The  cer\ical  region  of  the  spinei 
unusually  long  and  flexible,  since  the  fore-limbs  are  u&clessi 
organs  of  prehension — and  all  acts  of  grasping  must  bt 
cised  either  by  the  beak  or  by  the  hind-feet,  or  by  both  aciingj 
conjunction.  The  number  of  vertebrae  in  the  neck  i-ancsfr 
nine  to  twenty-four,  and  their  structure  is  always  such  u 
allow  of  considerable  freedom  of  motion  one  upon  the 
The  dorsal  vertebr;^  vary  from  six  to  ten  in  number,  and 
these  the  anterior  four  or  five  are  generally  anchylosed 
one  another,  so  as  to  give  a  base  of  resistance  to  the  wii 
In  the  Cursorial  Birds,  however  (such  as  the  Ostrich 
Kmeu),  and  in  some  others  (such  as  the  Penguin),  in  whi 
the  power  of  flight  is  wanting,  the  dorsal  vertebrae  are  all  more] 
or  less  freely  movable  one  upon  another.  There  are  no  lumbarl 
vertebra,  but  all  the  vertebra;  between  the  last  dorsal  and! 
the  first  caudal  (var)'ing  from  nine  to  twcnt))  are  anchyloMd 
together  to  form  a  bone  which  is  ordinarily  known  as  the 
"  sacrum."  To  this,  in  turn,  the  iliac  bones  are  anchylo«d 
along  its  whole  length,  giving  perfect  immobility  to  this  region 
of  the  spine  and  to  the  pelvis. 

The  coccygeal  or  caudal  vertebne  vary   in  number 
eight  to  ten,  and  arc  movable  upon  one  another.     The 
noticeable  feature  about  this  part  of  the  spinal  column  \b 
is  known  as  the  "  ploughshare-bone."     This  is  the  last  jointi 
the  t.-iil,  and  is  a  long,  slender,  ploughshare-shaped  bone, 
stitute  of  lateral  processes,  and  without  any  medullary 
(fig.  330,   B).     In  reality  it  consists  of  two  or  more  of 
caudal  vertebrae,   completely  anchylosed,   and   fused  into 
single  mass.     It  is  usually  set  on  to  the  extremity  of  ihc 
at  an  angle  more  or  less  nearly  perpendicular  to  the  axis  of  I 
body  ;  and  it  affords  a  finn  basis  for  the  support  of  the 
quili-feathers  of  the  tail  ("  rectrices").     In  tlie  Cursorial  Bif 
which  do  not  fly,  the  terminal  joint  of  the  tail  is  not  p( 
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share-shaped.  In  the  extraordinary  Mesozoic  bird,  the  Archct- 
'     ^/^^<'T^'jc  macntra^  there  is  no  ploughshare-bone,  and  ihe  tail 

<:^«>nsists  of  twenty  separate  vertebrae,  all  distinct  from  one 
W  *JiotHcr,  and  each  carr^'ing  a  pair  of  quill -feathers,  one  on 
^  ^aoh  side.  As  the  vertebne  of  the  ploughshare-bone  are 
I  <iistir»ct  from  one  another  in  the  embryos  of  existing  birds,  the 
w  *^il  o£  the  Anhicopttryx  is  to  be  regarded  as  a  case  of  the  per- 
|b  ***ar»eiu  retention  in  the  adult  of  an  eiobrj-onic  character.  In 
I"  "le  increased  number  of  caudal  vertebrae,  however,  and  in  some 
w  *^thef  characters,  the  tail  of  the  Archizoptcryx  makes  a  decided 

approach  to  the  true  Reptiles. 
%  'X^He  various  bones  which  compose  the  skull  of  Birds  are 

►  ^"^^^Igamated  in  the  adult  so  as  to  form  a  single  piece,  and  the 

^^^^vircs  even  are  obliterated,  the  lower  jaw  alone  remaining 

''Movable.  The  occipital  bone  carries  a  single  occipital  condyle 
\  ^^^y>  and  this  is  hemispherical  or  nearly  globular  in  shape.  The 
%         oeak"  (fig.  328),  which  forms  such  a  conspicuous  feature  in  all 
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^•j"<is,  consists  of  an  upper  and  lower  half,  or  a  *'  sujjcrior  "  and 
_  'J^ferior  mandible."  Tiie  upjier  mandible  is  composed  almost 
^*>t.iTely  of  the  greatly-elongated  intermaxillary  bones,  flanked 
"V  the  comparatively  small  superior  maxilla*.  The  inferior 
*V*  ^tidible  is  primitively  composed  of  twelve  pieces,  six  on  each 
^''  ici;  but  in  the  adult  these  are  ail  indistingnishably  amal- 
'^'  ^  'Exited  with  one  another,  and  the  lower  jaw  forms  a  single 
^li*^*^*^'  *^^  '"  '^^  Reptiles,  the  lower  jaw  articulates  with  the 
.•^ '■ill,  not  directly,  but  through  the  intervention  of  a  distinct 
^^^tie — the  tiuadrate  hone  or  tympanic  bone — which  always  re- 
/J*^ins  permanently  movable,  and  is  never  anchyloscd  with  the 
I /^-Vill,  In  no  bird  arc  teeth  ever  developed  in  cither  jaw,  but 
^^^th  mandibles  are  encased  in  horn,  forming  the  beak,  and 
■^^  margins  of  the  bill  are  sometimes  serrated. 

The  thoracic  cavity  is  bounded  by  the  dorsal  vertebne,  which 
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are  usually,  as  before  said,  anchylosed  wnth  one  another wi 
greater  or  less  extent.     Laterally,  the  thorax  is  bouDikd  Djf 
the  ribs,  which  vary  in  number  from  six  to  ten  \mn,    \n 
birds  each  rib  carries  a  peculiar  process — the  "uoanaien^ 
cess  " — which  arises  from  its  posterior  margin,  is  directed 
wards  and  backwards,  and  passes  over  the  rib  next  in 
sion  beliind,  where  it  is  bound  down  by  ligamenL 
and  last  dorsal  ribs  carry  no  uncinate  processes,  and  iaj 
cases  the  processes  continue  throughout  Hfe  as  separate 
(fig-  329,  B).     Anteriorly,  the  ribs  articulate  with  a  sc 


^'V-  339^-A,  nrcatl-bnne,  fchouldcr^gtnlle,  and  fnre-limb  of  FenfuJn  (afttf  '^"*'* 
*  Stcmum.  with  the  »tcmal  kct:l :  i  *  Scapuls:  k  *  Coracoid  booct :  e  Fiin*-'-=  • 
merry-thought,    compoied  of  llic  iinitec)  clavicle*  r  A  Humeni* :  m  I71na  ;  *■  "- 
Thumb ;  wv  Mct^cArpus  :  /  PhaUiiRK  of  the  fingers.     B,  Ribs  of  the  Ootden  L^ 
Rib*  giving  ofr(^/)  uncinate  pnKcitM:^  ;  c  c  Sternal  ribs. 

straight  bones,  which  are  called  the  "sternal  ribs,"  but « 
in  reality  are  to  be  looked  upon  as  the  ossified  ''costa!  1 '"; 
lages."  These  sternal  ribs  (fig.  329.  B)  are  in  turn  th'*'-  ' 
artirnl.ited  to  the  sternum  in  front,  and  **  they  are  the  a"'"' 
upon  which  the  respiratory  movements  hinge"  (Owcnl  '" 
front  the  thoracic  cavity  is  completed  by  an  enonnouslj-d 
panded  sternum  or  breast-bone,  which  in  some  birds  of  ?^  J 
powers  of  flight  extends  over  the  abdominal  cavity  as  1 
some  cases  even  reaching  the  pelvis.  The  sternum 
birds  which  fly,  is  characterised  by  the  presence  of  a  ' 
developed  median  ridge  or  keel  (fig.  329,  A),  to  wl 
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the  great  pectoral  muscles,  which  move  the  wings. 
a  general  rule,  the  size  of  this  sternal  crest  allows  a  very 
rable  estimate  to  be  formed  of  the  flying  powers  of  the 

to  which  it  may  have  belonged  ;  and  in  the  Ostriches  and 
ix  birds  which  do  not  fly,  there  is  no  sternal  keel.  At  its 
Tier  angles  the  sternum  exhibits  two  pits  for  the  attach- 
tt  of  the  coracoid  bones. 

"he  scapul.ir  or  pectoral  an^h  consists  of  the  sbovilder-blade 
capula,  the  collar-bone  or  clavicle,  and  the  coracoid  bone, 
each  side.  The  scapula,  as  a  rule  (fig.  329,  A,  J.f)  is  a 
sle  elongated  bone,  not  flattened  out  into  a  broad  plate, 

carrying  no  transverse  ridge,  or  spinous  process.  Only  a 
ion  of  the  glenoid  cavity  for  the  articulation  with  the  head 
le  humerus  is  fonned  by  the  scajjula,  the  remainder  being 
led  by  the  coracoid.  The  coracoid  bones  (fig.  329,  A,  J^Ji) 
espond  with  the  coracoid  processes  of  man,  but  in  birds 
'  are  distinct  bones,  and  are  not  anchylosed  ■with  the  scap- 
The  coracoid  bone  on  each  side  is  always  the  strongest 
be  bones  forming  the  scapular  arch.  Superiorly  it  articu- 
I  with  the  clavicle  and  scapula,  and  forms  part  of  the  gle- 
i  cavity  for  the  humerus.  Inferiorly  each  coracoid  bone 
nilates  with  the  upper  angle  of  the  sternum.  The  position 
he  coracoids  is  more  or  less  nearly  vertical,  so  that  they 
I  fixed  points  for  the  action  of  the  wings  in  their  do^vn- 
i  stroke.     The  clavicles  (fig.  329,  A,  c)  are  rarely  rudimen- 

or  absent,  and  arc  in  some  few  cases  separate  bones.  In 
great  majority,  however,  of  birds,  the  clavicles  are  anchy- 
d  together  at  their  anterior  extremities,  so  as  to  fonn  a 
le  bone,  somewhat  V-shaped,  popularly  known  as  the 
erry-thought,"  and  technically  called  the  "furculum."  The 
a  extremities  of  the  furculum  articulate  with  the  scapula 

coracoid ;  and  the  anchylosed  angle  is  commonly  united 
-igament  to  the  top  of  the  sternum.  The  function  of  the 
ncular  or  furcular  arch  is  "  to  oppose  the  forces  which  tend 
iress  the  humeri  inwards  towards  the  mesial  plane,  during 
downward  stroke  of  the  wing  "  (Owen).  Consequently  the 
ncles  are  stronger,  and  their  angle  of  union  is  more  open, 
»roportion  to  the  powers  of  flight  possessed  by  each  bird. 
is  regards  the  structure  of  the  wing  proper,  the  humerus  is 
rt  and  strong,  and  articulates  superiorly  with  an  articular 
ily  formed  partly  by  the  coracoid  and  partly  by  the  scapula, 
i  fore-arm  is  composed  of  a  radius  and  ulna,  of  which  the 
ncr  is  the  smallest  and  most  slender.  The  carpus  is  reduced 
wo  small  bones  wedged  in  between  the  distal  end  of  the 
!-axm  and  the  metacarpus.     The  metacarpus  consists  of 
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two  bones  which  in  all  existing  birds  are  anchylosed  at  boA 
ends,  but  which  are  free  in  the  remarkable  extinct  Arcktt^ 
teryx.  The  metacarpal,  which  corresponds  to  the  rad-o-  '-  tK' 
larger  of  the  two,  and  it  carries  the  digit  which  has  thir  . 
number  of  phalanges.  At  the  proximal  end  of  ial 
metacarpal  is  generally  attached  a  single  phalanx,  con&ti 
the  so-called  '*  thumb/'  The  digit  which  is  attached 
ulnar  metacarpal  never  consists  of  more  than  a  single  ji 

As  regards  the  structure  of  the  posterior  extremit)'  or 
limb,  the  pieces  which  compose  the  innominate  bones  {na: 
the  ilium,  ischium,  and  pubcs)  are  always  anchylosed  vithi 
another ;  and  the  two  innominate  bones  are  also  alwxys 
chylosed,  by  the  medium  of  the  greatly-elongated  ilia,  with: 
sacral  region  of  the  spine-  In  no  living  bird,  howevc 
the  single  exception  of  the  Ostrich,  are  the  innominate 
united  in  the  middle  line  in  front  by  a  symphysis  pubis. 
stability  of  the  pelvic  arch,  necessary  in  animals  which 
port  the  weight  of  the  body  on  the  hmd-limbs  alone,  is 
secured  in  all  ordinary  cases  by  the  anchylosis  of  the  ilii 
the  sacrum. 

As  in  the  higher  Vertebrates,  the  lower  limb  (fig.  %i 
consists  of  a  femur,  a  tibia  and  fibula^  a  tarsus,  raeta 
and  phalanges:  but  some  of  these  parts  are  considerably 
scared  by  anchylosis.  The  femur  or  thigh-bone  (fig.  330,  K 
is  generally  very  short,  comparatively  speaking.  The  c! 
bone  of  the  leg  is  the  tibia  (/)^  to  whicli  a  thin  and  lapei 
fibula  (r)  is  anchylosed.  The  upper  end  of  the  fibula,  hor 
ever,  articulates  with  the  external  condyle  of  the  femur.  TV 
ankle-joint  is  placed,  as  in  Reptiles,  between  the  proximal  ifld 
distal  portions  of  the  tarsus.  The  proximal  portion  of  the 
tarsus  is  undistinguishably  amalgamated  with  the  lower  emlrf 
the  tibia.  The  distal  portion  of  the  tarsus  is  anchylosed  rti 
the  whole  of  the  metatarsus  to  constitute  the  most  c 
istic  bone  in  the  leg  of  the  Bird — the  "  tarso-metatarsus 
In  most  of  the  long-legged  birds,  such  as  the  Waders,  the 
proportionate  length  of  the  leg  is  given  by  an  ex 
elongation  of  the  tarso-metatarsus. 

The  tarso-metatarsus  is  followed  inferiorly  by  the  digits 
the  foot  In  most  birds  the  foot  consists  of  three  toes  d 
forwards  and  one  backwards — four  toes  in  all.  In  no 
bird  are  there  mare  than  four  toes,  but  often  there  are 
three,  and  in  the  Ostrich  the  number  is  reduced  to  two 
all  birds  which  have  three  anterior  and  one  posterior  to« 
the  posterior  thimib  or  hailux  (that  is  to  say,  tlie  inn« 
digit  of  iW  \\\ndAYK\\5') njKvcK  is  directed  backwards;  ; 
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invariably  consists  of  two  phalanges  only.  The  most  interna] 
of  the  three  toes  which  are  directed  fonvards,  consists  of  ihne 
phalanges ;  the  next  has  four  phalanges ;  and  the  outermost 
%-.  fO«  is  made  up  of  five  phalanges  (fig.  330,  A).  This  in- 
i^  .crease  in  an  arithmetical  ratio  of  the  phalanges  of  the  toes, 
1^  in  proceeding  from  the  inner  to  the  outer  side  of  the  foot, 
^/  obtains  in  almost  all  birds,  and  enables  us  readily  to  detect 
g,.  which  digit  is  suppressed,  when  the  normal  four  are  not  alt 

K 


\%.  s^o- — A,  Hind-limb  of  the  LooD{C'c/r«^«i^/ar/<j/ii)— aflcr  Owen:  /  Innominale 
:  ^Thigh-bone  or  femur  ;  /  Tibia,  with  the  proximal  portion  of  ihe  tarsus  anchy- 
wtth  tu  lower  end :  r  Fibula :  m  Tano-metaUDtus,  consiftting  of  the  di&tal  portion 
of  ttie  l^u-His  anchylosed  with  Ac  roelatar»u«  ;  ^  f  Phalanges  of  ihc  tcKS.     B,  Tail  of  the 
Goltlcn  Kagle  :  s  Ploughth are-bone,  carrying  the  great  uu-fcathenk 

present  Variations  of  different  kinds  exist,  however,  in  the 
number  and  disposition  of  the  toes.  In  many  birds — such  as 
the  Parrots — the  outermost  toe  is  turned  backwards,  so  that 
there  arc  two  toes  in  front  and  two  behind.  In  others,  again, 
the  outer  toe  is  nomially  directed  fonvards,  but  can  be  turned 
.lackwards  at  the  will  of  the  animal  In  the  Swifts,  on  the 
Other  hand,  all  four  toes  are  present,  but  they  are  all  turned 
forwards.     In  many  cases — especially  amongst  the  Na,VaA.QitvalL 
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birds — the  hallux  is  wholly  wanting,  or  is  rudimentary.  In  i>.* 
Emeu,  Cassowar)',  Bustards,  and  other  genera,  the  halli:i  ii 
invariably  absent,  and  the  foot  is  three-toed.  In  ihc  Oitndi 
both  the  hallux  and  the  next  toe  ("  index")  are  wanting,  wd 
the  foot  consists  simply  of  t^vo  toes,  these  being  the  outer  loe 
and  the  one  next  to  it. 

As  regards  the  geo/ogtcal  distribution  of  Birds,  there  an 
many  reasons  why  we  should  be  cautious  in  reasoning  upoi 
merely  negative  evidence,  and  more  than  ordinarily  cortifiil  not 
to  infer  the  non-existence  of  birds  during  any  particular  geolo- 
gical epoch,  simply  because  we  can  find  no  positive  oidcDCC 
for  their  presence.  As  Sir  Charles  Lyell  has  well  remarked, 
"the  powers  of  flight  possessed  by  most  birds  would  insoR 
them  against  perishing  by  numerous  casualties  to  which  qiad- 
rupeds  are  exposed  during  Hoods;  "and,  "if  they  chance  to 
be  drowned,  or  to  die  when  swimming  on  water,  it  will  scaredy 
ever  hai)pen  that  they  will  be  submerged  so  as  to  become  pre- 
served in  sedimentary  deposits,"  since,  from  the  lightness  of  the 
bones,  the  carcase  would  remain  long  afloat,  and  houW  be, 
liable  to  be  devoured  by  predaceous  animals.  As,  with  a 
utterly  trivial  exceptions,  all  the  deposits  in  which  fossils 
found  have  been  laid  down  in  water,  and  more  especially ; 
they  are  for  the  most  part  marine,  these  considerations  [»ui  fo 
ward  by  Sir  Charles  Lyell  afford  obvious  ground  against 
anticipation  that  the  remains  of  birds  should  be  either  of 
quent  occurrence  or  of  a  perfect  character  in  any  of  the  fo 
iferous  rocks.  In  accordance  with  these  considerations,  a*  i 
matter  of  fact,  most  of  the  known  remains  of  birds  are  ciih( 
fragmentary,  or  belong  to  forms  which  were  organised  to  Ltei 
terrestrial  life,  and  were  not  adapted  for  flight. 

The  earliest  remains  which  have  been  generally  referred 
birds  are  in  the  form  of  footprints  (fig.  331)  impressed  nj 
certain   sandstones  in  the  valley  of  the   Connecticut  River  ii 
the  United   States.      These  sandstones  are  almost  c< 
Triassic,  and  if  the  ornithic  character  of  these  footprints 
admitted,  then  Birds  date  their  existence  from  the  comi 
ment  of  the  Mesozoic  period,  and,  for  anything  we  knowi 
the  contrary,  may  have  existed  during  the  Palseozoic  epocK^ 

The  evidence  as  to  the  ornithic  charactar  of  the  foot 
in  the  American  Trias  is  as  follows  : — 

Fifstiy,  The  tracks  are,  beyond  all  question,  those  of  a 
— that  is  to  say,  of  an  animal  which  walked  upon  two  h 
No  living  animals  walk  habitually  upon  two  legs  except 
and  Birds,  and  therefore  there  is  a  primd  facU  presumptk 
that  the  authors  of  these  prints  were  birds. 
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xdiy^  The  impressions  are  mostly  tridactylous — that  is  lo 
.  say,  formed  by  an  animal  with  three  toes  on  each  foot,  as  is 
itllc  case  in  many  Waders  and  most  Cursoriai  Birds. 


/ 


Fig.  33».— Footprint  nipposul  lo  Wong  to  a  Bird.     Triassic  Sandfttooea 

of  CoODCCU'CUL 

Xhirdt\\  The  impressions  of  the  toes  show  the  same  numeri- 
l1  progression  in  the  number  of  phalanges  as  exists  in  living 
"fcirds — that  is  to  say,  the  innermost  of  the  anterior  toes  has 
■^hree  phalanges,  the  middle  one  has  four,  and  the  outennost 
•%oe  has  five  ])halanges. 

Taking  this  evidence  collectively,  it  would  have  seemed,  till 
lately,  tolerably  certain  that  these  impressions  were  formed  by 
3irds.  We  must  not,  however,  lose  sight  of  the  possibility 
that  these  impressions  may  liave  been  formed  by  Reptiles 
more  bird-like  in  their  characters  than  any  of  the  living  forms 
■with  which  we  arc  acquainted.  The  recent  researches  of 
I-Inxley,  Cope,  and  others,  go  to  show  that  the  Z>^/Vwj/2wr/iT« 
Reptiles  possessed  the  power  of  walking,  temporarily  or  per- 
manently, on  the  hind-legs,  and  many  curious  affinities  to  the 
tnie  Birds  have  been  pointed  out.  It  is  therefore  by  no  means 
[possible  that  these  footprints  of  the  Connecticut  valley  are 
ily  Reptilian.* 

The  size  and  other  characters  of  the  above-mentioned  im- 
►ressions  vary  much,  and  they  have  certainly  been  produced 

•  The  occurrence  of  rnany7&//r"Mfr/impressions  in  these  same  Sandstones, 

id  the  further  Hiscovcry  of  the  bone«  of  Dcinosaurian  Reptiles  in  ihc  same 

Is,  have  rendered  the  Reptilian  nature  of  many  of  these  fooLpnntt.  almost 

certain  ;  but  some  may  pos&ibly  have  been  formed  by  Birds. 
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by  several  different  anitnals.     In  the  largest  hitherto 
ered,  each  footprint  is  twenty-two  inches  long,  and  t«^ 
inches  wide,  showing  that  the  feet  were  four  times  as  Urge 
those  of  the  African  Ostrich.     The  animal,  therefore.  *1 
produced  these  impressions — -whether  Avian  or  Rcptili 
must  have  been  of  gigantic  size. 

The  first  unmistakable  remains  of  a  bird  have  been  h 
in  the  Solenhofen  Slates  of  Bavaria,  of  the  age  of  the  L'^ 
Oolites.  A  single  unique  specimen,  consisting  of  bones 
feathers,  but  unfortunately  without  the  skull,  is  all  thai 
hitherto  been  discovered  j  and  it  has  been  named  the  At 
opUryx  macrura.  The  characters  of  this  singular  and  al 
bird,  which  alone  constitutes  the  order  Saurura^  will  be  si 
given,  and  need  not  be  repeated  here. 

Other  doubtful  remains  of  birds  have  been  alleged  to 
in  the  Mesozoic  series,  but  many  of  these  certainly  belong  j 
reality  to  Pterodactyles.     In  the  Cretaceous  Rocks,  how< 
of  the  United  States,  occur  the  bones  of  several  Wading  Bi 
(Liwrnisy  Telmatoruis^  and  Paimotrifiga).     Recently,  Pnifc 
Marsh  has  described  some  additional  remains  of  Birds 
the  Cretaceous  Rocks.     Some  of  these  belong  to  a  new^ 
GractflavuSy  allied  to  the  existing  Cormorants.     Others  bc!( 
to  a  gigantic  swimming  bird  of  remarkable  affinities,  but 
ing  its  nearest  allies  in   the  living   Colymbidot.      The  g( 
Hesperornis  and  family  Hesperoniidtz  are  proposed  for  its 
ception. 

In  the  Tertiary  Rocks  there  are,  comparatively  speal 
many  remains  of  birds.     In  the  Eocene  Rocks  of  France 
been  found  a  large  bird,  as  big  as  an  Ostrich,  tlic  so-cat 
Gastornh  Parisiaisis ;  and  in  England,  in  the  same  forraaDon, 
we  have  a  small  Vulture  {Liihomis  vuituHnus)^  and  a  King- 
fisher {Hakyornis  to/iapicus).     In  the  Eocene  of  Olaris,  in  Swit- 
zerland, occurs  also  the  oldest  knowTi  Insessorial  or  Ft 
bird,  the  Protornis  Giarisiensis,  which  was  about  as  big  a 

Numerous  remains  of  birds  have  likewise  been  founti  ui  i;.c 
Miocene  and  Pliocene  deposits.  Amongst  these  wc  have  Par- 
rots, Trogons,  Secretary  Kirds,  Petrels,  Cranes,  Guillemotii 
&C.  With  the  exception,  however,  of  the  Mesozoic  Artkta^ 
feryxy  by  far  the  most  remarkable  remains  of  birds  liave  baft 
found  in  the  Post-terriary  or  Pleistocene  deposits.  All  the 
remains  now  alluded  to  are  those  of  gigantic  wingless  birds ; 
and  it  is  worthy  of  notice  that  they  are  almost  exdusivdf 
found  in  regions  now  tenanted  by  smaller  wingless  birds, 
whilst  there  Ls  reason  to  believe  that  some  of  them  have  been 
in  existence  during  the  human  period.     Most  of  the  renuim 
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p  question  have  been  found  in  New  Zealand,  where  there 
bve  been  obtained  the  bones  of  several  species  of  large  wing- 
Ms  birds,  referred  by  Owen  to  the  genera  Dtnornis^  Pahp- 
^^yx^  and  Aptomis.  The  Dinornis  gigantetts  nuist  have  been 
■ic  of  the  most  gigantic  of  the  whole  class  of  birds,  the  tibia 
iwasuring  upwards  of  a  yard  in  length,  and  the  skeleton  indi- 
ning  a  bird  which  stood  at  least  ten  feet  in  height.  In  an- 
b)cr  species,  tlie  Dinornis  dephantopm^  the  "  framework  of 
Bk  skeleton  is  the  most  massive  of  any  in  the  whole  class  of 
fcds/'  and  *'  the  toe-bones  almost  rival  those  of  the  Elephant " 
ppwen).  The  feet  were  furnished  with  three  anterior  toes, 
■kd  are  of  interest  as  presenting  us  with  an  undoubted  bird 
Kg  enough  to  produce  the  largest  of  the  footprints  of  the 
Kussic  Sandstones  of  Connecticut.  There  is  reason  to  be- 
Irve,  from  the  traditions  of  the  Maories,  that  the  Difwrnis  was 
Bring  at  no  very  remote  period,  and  that  it  has  been  exter- 
pbated  by  man. 

B  In  Madagascar,  bones  have  been  discovered  of  a  bird  as 
■tge  as,  or  larger  than,  the  Dinornis  gigantats^  which  has  been 
■escribed  under  the  name  of  the  ^-Epiornis  maximus.  W'ith 
■he  bones  have  been  found  eggs  measuring  from  thirteen  to 
iKurteen  inches  in  diameter,  and  computed  to  be  as  big  as 
three  ostrich-eggs,  or  one  hundred  and  forty-eight  liens'  eggs. 
I'niike  New  Zealand,  where  there  is  the  Apteryx^  Madagascar 
itself  has  no  living  wingless  birds  ;  but  in  the  neighbouring 
island  of  Mauritius  the  Dodo  has  been  exterminated  less  than 
three  hundred  years  ago  ;  and  the  little  island  of  Rodriguez,  in 
the  same  geographical  province,  has  in  a  similar  period  lost 
the  wingless  Solitaire  (Pczophaps). 

In  the  following  are  given  the  characters  of  the  orders  of  the 
Birds,  with  the  range  of  each  in  time,  so  far  as  kno^vn  : — 

Okdf.r  I.  NATATOREs.^The  order  of  the  Naiat&rcs^  or 
Shimmers,  comprises  a  number  of  birds  which  are  as  much  or 
even  more  at  home  in  the  water  than  upon  the  land.  In 
accordance  with  their  aquatic  habit  of  life,  the  Natatorfs  have 
a  boat-shaped  body,  usually  with  a  long  neck.  The  legs  are 
short,  and  placed  behind  the  centre  of  graWty  of  the  body, 
this  position  enabling  them  to  act  admirably  as  paddles,  at  the 
nme  time  that  it  renders  the  gait  upon  dry  land  more  or  less 
awkward  and  shuffling.  In  all  cases  the  toes  are  "webbed," 
or  united  by  membrane  to  a  greater  or  less  extent.  In  many 
instances  the  membrane  or  web  is  stretched  completely  from 
loe  to  toe ;  but  in  others  the  web  is  divided  or  split  up  between 
the  toes,  so  that  the  toes  are  fringed  with  membranous  borders, 
and  the  feet  are  only  imperfectly  webbed. 
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Amongst  the  more  importaut  families  of  the  Nataicrn  may 
be  enumeratetl  the  Penguins  (Sph^isciiia)^  the  Auks  {AUidJ^^ 
the  Gulls  and  Terns  {Lanihe)^  the  Petrels  (ProceilanM).  the 
Pelicans  (PeJicanus)^  the  Cormorants  (Phalacroiorax)^  the  Gin- 
nets  {Su/a)^  the  Ducks  (AnaHda:)^  the  Geese  (Jnurma),  zod 
the  Swans  (Cygriida). 

As  might  have  been  expected,  the  remains  of  Nautoiid 
Birds  are,  speaking  comparatively,  not  uncommon  as  Rnsfli 
The  earliest  traces  of  this  order  in  past  time  ap])ear  in  the 
Cretaceous  series,  which  has  yielded  in  Europe  the  Cim^ignm 
(supposed  Co  be  allied  to  the  Albatross),  and  in  North  Amttici 
the  genera  Gracuiavits^  IIcsJ>crornis,  Laorrtis^  Tt/ma/t*ntjs,  ind 
Paheviringa,  The  Eocene  Tertiary  has  a  form  believed  lo  be 
nearly  allied  to  the  living  Pelicans,  and  another  supposed  to  le 
related  to  the  Mergansers.  The  Ducks  and  Flamingos  appor 
for  the  first  time  in  the  Miocene,  and  the  Post-tertiary*  dtiKsiti 
have  yielded  remains  ofCieese,  Gulls,  Terns,  Diver?,  and  Gaft> 
leraots,  or  of  birds  allied  to  these. 

Order  If.  Grallatores. — The  birds  comprismg  the  orda 
of  the  Graiiatorcs^  or  Waders,  for  the  most  part  frequent  the 
banks  of  rivers  and  lakes,  the  shores  of  estuaries,  manhei 
lagoons,  and  shallow  pools,  though  some  of  them  keep  almott 
exclusively  to  dry  land,  preferring,  however,  moist  and  damp 
situations.  In  accordance  with  their  semi-aquatic,  amphibioM 
habity,  the  Waders  are  distinguished  by  the  great  length  4 
their  legs;  the  increase  in  length  being  mainly  due  to  the 
great  elongation  of  the  tarso-metatarsus.  The  legs  are  also 
unfeathered  from  the  lower  end  of  the  tibia  downwards,  Tb< 
toes  are  elongated  and  straight,  and  are  never  completciy 
palmate,  though  sometimes  semi-palmate.  There  are  three 
anterior  toes,  and  usually  a  short  hallux,  but  the  latter  may  l>c 
wanting.  The  wings  are  long,  and  the  power  ,of  flight  usually 
considerable  ;  but  the  tail  is  short,  and  the  long  legs  arc 
stretched  out  behind  in  flight  to  compensate  for  the  brnitr 
of  the  tail.  The  body  is  genemlly  slender,  and  the  ncc:k  and 
beak  usually  of  considerable  length. 

Amongst  the  more  important  Grallatoriai  Birds  are  ihcRailj 
iRa/iuia),  Water-hens  {GaUinuIx)^  Cranes  {Gntui£t\  Herons 
\Arii€i(ii£\  Storks  (Cuofiiftie)^  Snipes  {Sco/opadda),  Sandpipen 
{Tnni,^dir)y  Curlews  (JVumMius),  Plovers  {CharadritdaX  and 
BusUrds  [Otiiiie). 

As  in  the  case  of  the  Natatores^  the  earliest  traces  of 
Waders  appear  to  belong  to  the  Cretaceous  period. 
consist  of  bones  which  have  been  referred  to  a  Snipe-like 
{Scoiopa.x)y  and  which  have  been  obtained  from  the  Green 
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picw  Jersey.  In  the  Eocene  Rocks,  the  most  important  form 
he  Nummius  gypsorum^  which  has  been  discovered  in  the 
rpseous  series  of  Montmartre,  and  which  is  supposed  to  have 
en  allied  to  the  Ibis.  In  the  later  Tertiary  deposits  occur 
ft  remains  of  birds  allied  to,  if  not  identical  with,  the  living 
anes  ( 6-'rwj),  Bustards  ( (^/w),  Rails  (^*;//tfj),and  Coots{/7//;ia2). 
Ori>er  III.  CuRSORES. — The  third  order  of  Birds  is  that  of 
X  Cursores^  or  Runners,  comprising  the  Ostriches,  Rheas, 
ssowarics.  Emeus,  and  the  singular  Apieryx  of  New  Zealand. 
many  respects  the  Cursores  are  to  be  looked  upon  as  an 
ificial  assemblage;  but  in  the  meanwhile  it  will  be  most 
avenient  to  consider  them  as  forming  a  distinct  division. 
ic  Cursores  are  characterised  by  the  rudimentary  condition 
the  wings,  which  are  so  short  as  to  be  useless  for  flight,  and 
I  the  compensating  length  an<l  slrtngth  of  the  legs.  In  ac- 
rdance  with  this  condition  of  the  limbs,  many  of  the  bones 
Bin  their  marrow,  and  the  sternum  is  destitute  of  the  pro- 
ttcnt  ridge  or  keel,  to  which  the  great  pectoral  muscles  are 
ached  (hence  the  name  oi  Raiiteej  applied  by  Huxley  to  the 


fe 


>'iS.  i3i.—A/t€ryx  AuttrmiiM,    (Gould.) 

ct).     In  the  Ostrich,  the  pubic  bones  of  the  pelvis  unite  to 

a  symphysis  pubis  as  they  do  in  no  other  bird,  and  in  all 

pelvic  arch  possesses  unusual  strength  and  stability.     The 
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legs  are  extremely  robust  and  powerful,  and  the  hind-toe  i 
entirely  wanting,  except  in  the  Aptcryx^  in  which  it  is  rudinia- 
tary.  The  anterior  toes  are  two  or  three  in  number,  and  ue 
provided  with  strong  blunt  claws  or  nails.  The  plumage  f« 
sents  the  remarkable  j^eculianty  tliat  the  barbs  of  the  fcall 
instead  of  being  connected  to  one  another  by  hooked 
as  is  usually  the  case,  are  remote  and  disconnected  from 
another,  presenting  some  resemblance  to  hairs. 

The  living  Cursorial  Birds  are  the  Ostrich  (Struthw  rat 
the  American  Ostriches  (/C/ita),  the    Emeu   [Dromatui], 
various   species   of  Cassowary  (Casuarius)^   and  the  .4^ 
(fig.  332).    Of  the  extinct  forms  of  the  Cwr^crcf,  the  most 
appears  to  be  the  Gastornis  Parisimsis  of  the  Eocene  Tcrti 
This  bird  seems  to  have  attained  the  size  of  an  OstricI 
appears  to  have  points  of  affinity  with  the  Natatorial 
latorial  Birds.     In  the  superficial  deposits  of  New- 
been  found,  as  already  mentioned,  the  remains  of  sevCTaJ 
of  Dinornis  and  PalapUryx^  along  with  bones  of  the  now 
isling  Aptcryx.     In  similar  deposits  in  Madagascar  occur 
bones  of  the  gigantic  j-Epiornis ;   and  in   the   bonecavti] 
Brazil  have  been  found  remains  of  the  American  Osi 
or  Rheas. 

Order  IV,  Rasores.— The  fourth  order  of  Birds  isihil! 
the  Rasores,  or  Scratchers,  often  spoken  of  collectively  is  I 
"Gallinaceous"  Birds,  from  the  old  name  of  "Galllnac," 
to  the  order  by  Linnti^us.     The  Pas(?rcs  are  characterised 
the  convex,  vaulted  upper  mandible,  having  the  nostrils  pi 
in  a  membranous  space  at  its  base.     The  nostrils  are  co« 
by  a  cartilaginous   scale.     The  legs  are  strong  and  rot 
mostly  covered  with  feathers  as  far  as  the  joint  between^ 
tibia  and  tarso-metatarsus.     There  are  four  toes,  three  inl 
and  one  behind,  the  latter  being  short,  and  placed  gecu 
a  higher  level  than  the  other  toes.     All  the  toes  temii 
strong  blunt  claws  suitable  for  scratching  (Ctr/Z/wJorf), 
more  slender  claws  adapted  for  perching  (Co/uM/Hun). 
order  Rasores  comprises  the  various  species  of  Grouse  (i 
6mdi£\  the  Partridges,  Francolins,  and  Quails  (Perdidds\\ 
Turkeys,  Fowls,   Pheasants,  and  Pea-fowl  (Phasianuitt),_ 
Pigeons  and  Doves  {07///w^i(/<j),  and  the  recently  extinct 
{Didtts  ififptus). 

The  earliest  remains  of  the  Rasorial  Birds  appear  r 
Eocene  Tertiary,  where  traces  of  a  Partridge  have  been  I 
In  Post-Tertiary  deposits  occur  the  remains  of  birds  rp* 
less   closely  allied   to   the   existing   Pigeons,   Grouse, 
Pheasant,  Fowl,  and  Tinaraou. 
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Order  V.   Scaxsores. — The  order  of  the  Scansorial  or 
ibing  Birds  is  easily  and  very  shortly  defined,  having  no 
;r  distinctive  and  excUisive  peculiarity  except  the  fact  that 
feet  are  provided  with  four  toes,  of  which  t\vo  are  turned 
[wards  and  two  forwards.      Of  the  two  toes  which   are 
:ted  backwards,  one,  of  course,  is  the  hallux,  or  proper 
-toe,  and  the  other  is  the  outermost  of  the  normal  three 
iterior  toes.     This  arrangement  of  the  toes  enables  the  Scan- 
to  climb  with  umisuaT  facility.     Tlieir  powers  of  flight,  on 
other  hand,  arc  generally  only  moderate  and  below  the 
rerage. 

The  most  important  families  of  the  Satnsorcs  are  the  Cuckoos 
ItUuiida)^  the  Woodpeckers  and  Wry-necks  (/VVW(Z),the  Par- 
(Psiitacidce),  the  Toucans  {RhamJ>/Msiufa),  and  the  Tro- 
(Trog<>mda). 

The  Scansores  are  of  small  importance  as  fossils,  but  the 

IS  of  Tarrots,  Trogons,  Woodpeckers,  and  Cuckoos  have 

Jen  detected  in  the  later  Tertiary  and  Post-tertiary  deposits. 

Order  VI.  Insessores. — The  sixth  order  of  Birds  is  that  of 

Insessores,  or  Perchers — often  spoken  of  as  the  Fassercs^ 

"Passerine"  Birds.      They  are  defined  by  Owen  as  fol- 

rs: — 

"Legs  slender,  short,  with  three  toes  before  and  one  behind, 

two  external  toes  united  by  a  very  short  membrane." 

The  Insessores  form  the  largest  order  of  existing  birds,  com- 

ising  all  the  ordinary  "song-birds,"  and  including  a  great 

iber  of  families.     The  earliest  known  representatives  of  the 

Icr  in  past  time  are  the  Protorms  GlatisUnsis  of  the  Eocene 

lists  of  Glaris,  and  the  Hakyornis  toliapiats  of  the  London 

;Uy  of  Sheppey — the  former  somewhat  resembling  the  living 

rks,  whilst  the  latter  is  supposed  to  be  related  to  the  King- 

icre.     Besides  these,  a  {^^^  unimportant   forms  have  been 

jvered  in  the  later  Tertiary  and  Post-leniary  deposits. 

Order  VIL  Raptores. — AH  the  members  of  this  order  are 

icterised  by  the  shape  of  the  bill,  which  is  "strong,  cur\'ed, 

;ed,  and  sharp-pointed,    often   armed  with  a   lateral 

Jth"  (Owen).     The  upper  mandible  is  the  longest,  and  is 

ragly  hooked  at  the  tip.     The  body  is  very  muscular ;  the 

are  robust,  short,  with  three  toes  in  front  and  one  behind, 

armed  with  long,  curved,  crooked  claws   or   talons;  the 

]gs  are  commonly  pointed,  and  of  considerable  size,  and  the 

It  is  usually  rapid  and  powerfuL 

The  order  RapUwcs  is  divided  into  the  two  sections  of  the 
fecturmil  and  Diurnal  Raptores^  comprising  respectively  the 
ks  which  fly  by  night  and  those  which  fly  by  day.     In  the 
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former  are  only  the  Owls,  and  in  the  tatter  are  the  HavkSk 

Falcons,  Eagles,  and  Vultures.  The  earhest  represenlatinf  rf 
the  Raptores  in  past  time  is  X\ifi Ltt/totfiis zu/titrmus oii^Hzh^ 
don  Clay  of  Sheppey,  a  bird  probably  related  to  the  eiisdiij 
vultures.  In  the  Gypseous  series  of  Montmartrc  < 
tliere  are  also  remains  of  an  Owl  (Strix),  and  of  a 
(Circus).  In  later  Tertiary  and  Post-tertiary  deposits 
unimportant  remains  of  Eayles,  Hawks,  and  Vultures. 

Order  Vlll.  Saurur/E. — This  order  inchides  only  the 
tinct  bird,  the  Anhaopteryx  tnacrttray  a  single  specimea 
which — and  that  but  a  fragmentary  one — has  been  disi 
in   the   Lithographic  Slates  of  Solenhofen   (XJppcr 
This  extraordinary  bird  (fig.  ^Zl)^  appears  to  have  been 
as  big  as  a  Rook  ;  but  it  differs  from  all  known  birds  in 
two   free  claws  belonging  to  the  wing,  and  in  having  a 
lizard-Hke  tail,  longer  than  the  body,  and  composed  of  Si 
vertebrae. 


f  iff'  m-^ArehircpUryx  m/tcntnt,  showing  tiul  asd  lailfeathen. 
with  detached  bonet. 

The  tail  was  destitute  of  any  ploughshare-bone,  and 
vertebra  carried  a  single  pair  of  quill-fcathers.  The  m* 
pal  bones  also  were  not  anchylosed,  as  they  are  in  all 
known  birds,  living  or  extinct.  Milne  Edwards  condd 
that  ArchaopUryx  was  probably  a  vegetable  feeder,  and  1 
ordinarily  perched  upon  trees. 
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CHAPTER  XXXV. 

AfAMMALIA, 

General  Characters  of  the  Mammalia. 

ks  last  and  highest  class  of  the  Veriebrata^  that  of  the  Mam* 
vUa^  may  be  shortly  defined  as  including  Vertrt^rate  animals 
twhic/i  some  part  ar  other  of  the  integument  is  ahoays  proviited 
'Uh  hairs  at  some  time  of  life;  and  the  young  are  nourished  for 
h»tger  or  shorter  time^  by  means  of  a  special  fluid — the  milk — 
trHed  by  special  glands — the  mammary  glands.  These  two 
ttracters  are  of  themselves  sufficient  broadly  to  separate  the 
animals  from  all  other  classes  of  the  Vertebrate  sub-kingdom, 
addition,  however,  to  these  two  leading  peculiarities,  the 
a.xmnals  exhibit  the  following  other  characters  of  scarcely  less 
portance : — 
X .  The  skul!  articulates  with  the  vertebral  column  by  means 

a  double  articulation,  the  occipital  bone  carrying  two  con- 
ies, in  place  of  the  single  condyle  of  the  Reptiles  and  Birds. 
3.  The  lower  jaw  or  mandible  consists  of  two  halves  or 
•ni,  united  anteriorly  by  a  symphysis,  but  not  necessarily  an- 
ylosed  ;  but  these  are  each  composed  of  a  single  piece, 
stead  of  being  complex  and  consisting  of  several  pieces,  as 

the  Reptiles  and  Birds,  Further,  the  lower  jaw  always  ar- 
:ulates  directly  with  the  squamosal  element  of  the  skull,  and 
»ievcr  united  to  an  os  quadratum,  as  in  the  Sauropsida, 

3.  The  two  hemispheres  of  the  cerebral  mass,  or  brain  proper, 
e  united  together  by  a  more  or  less  extensively  developed 
-orpus  callosum  "  or  commissure, 

^  The  heart  consists — as  in  Birds — of  fourcainties  or  cham- 
t^,  two  auricles  and  two  ventricles.  The  right  and  left  sides 
the  heart  are  completely  separated  from  one  another,  and 
ere  is  no  communication  between  the  pulmonary  and  systemic 
"culations. 

5.  The  cavities  of  the  thorax  and  abdomen  are  completely 
t>aratcd  from  one  another  by  a  muscular  partition — the  dia- 
fcragm  or  midriff. 

6.  The  respiratory  organs  are  in  the  form  oftwo  lungs  placed 
the  thorax,  but  none  of  the  bronchi  end  in  air-receptacles, 

«tributed  through  the  body,  as  in  Birds. 

As  regards  the  Osteology  of  the  Mammals,  the  following 
Dints  should  be  noticed  : — 

With  the  exception  of  the  Whales  and  Dolvhvtvs  (^C<(ac«iY 
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and  the  Dugongs  and  Manatees  (Sinnia),  the  vertebal 
is  divisible  into  the  same  regions  as  in  man — naindy.  into  a 
cervical,  dorsal,  lumbar,  sacnil,  and  caudal  or  coccygeal  rcpOD 
(see  fig.  269).  In  the  Cetacm  and  Sirmia  the  doreal  region  of 
the  spine  is  followed  by  a  number  of  vertebra;  which 
the  liinder  extremity  of  the  body,  but  which  cannot  be 
ated  into  lumbar,  sacral,  and  caudal  vertebrte. 

In  spite  of  the  great  difference  which  is  observable  in 
length  of  the  neck  in  different  Mammals,  the  number  of 
brae  in  the  cervical  region  is  extraordinarily  constant, 
almost  invariably  seven,  as  in  man.     In  Uiis  respect  there  i» 
difference  between  the  WTiale  and  the  Giraffe.     The  only 
ceptions  to  this  law  are  the  Afanatus  austra/is^  one  of  the 
cows,  which  has  usually  six  cervical  vertebne ;  and  the 
toed  Sloth  {Bradypus  iridaciyhts\  which  is  commonly 
as  possessing  nine,  though  competent  anatomists  wotitd 
the  posterior  two  of  these  to  the  dorsal  region. 

The  dorsal  vertebrae  are  mostly  thirteen  in  number,  but 
varj-  from  ten  to  twenty-four.     In  Man  there  are  twelve,  in 
of  the  Aniiadillos  only  ten,  and  in  the  three-fingered  Sloth 
maximum  is  attained.     The  lumbar  vertebne  are  usually 
seven  in  number,  rarely  fewer  than  four.     In  Man  they  are 
in  number,  and  they  are  reiJuced  to  two  in  the  two-toed 
one  of  the  Ant-eaters,  and  the  Duck-mole. 

The  first  vertebra,  or  atlas,  always  bears  two  articular  a' 
tie?;  for  the  reception  of  the  two  condyles  of  the  occipital 
and  the  second  vertebra,  or  axis,  usually  has  an  **  odont 
process  on  which  the  head  rotates.     In  the  true  Whale?,  how- 
ever, in  which  the  cervical  vertebne  are  anchylosed  togcih 
a  greater  or  less  extent,  and  the  neck  is  immovable,  the 
toid  process  is  also  wanting. 

The  number  of  lumbar  and  sacral  vertebrae,  as  we  have 
varies  in  different  Mammals;  but  ordinarily  some  of  the 
brae  are  anchylosed  into  a  single  bone,  and  have  the  iliac  bood 
abutting  against  them,  thus  constituting  the  "sacrum"ofhamiD 
anatomists.     In  the   Cftaaa  and  Sirmia^  in  which  the  hiud- 
limbs  are  wanting,  and  the  pelvis  rudimentary,  there 
"  sacrum." 

The  thoracic  cavity  or  chest  in  Mammals  is  alwaj's  end 
by  a  series  of  ribs,  the  number  of  which  varies  yvith  that  of  ikj 
dorsal  vertebrae.     In  most  cases  each  rib  articulates  by  its 
with  the  bodies  of  hvo  vertebrse,  and  by  its  tubercle  with 
transverse  process  of  one  of  these  vertebne  (the  lower 
In  the  Mofiotremata  {e,g.^  the  Duck-mole),  the  ribs  arti 
with  the  body  of  the  vertebra  only;  and  in  the  ^^^lales,  tbf 
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ftost  of  the  nbs,  or  all  of  them,  articulate  with  the  trans- 
kt}cesses  only,  and  not  with  the  centra  at  all. 
fe  arc  usually  no  bony  pieces  uniting  the  ribs  with  the 
B  or  breast-bone  in  front,  as  in  Birds  ;  but  the  so-called 
r1  ribs  "  of  ytt'As  are  represented  liy  the  "  costal  carti- 
of  the  Mammals,  In  some  cases,  however,  the  carti^ 
f  the  ribs  do  become  ossified  and  constitute  sternal  ribs, 
mes,  as  in  the  Armadillos,  there  is  a  joint  between  the 
ai  rib  and  costal  cartilage.  More  rarely,  as  in  the  Afono- 
an  intermediate  piece  is  found  between  the  vertebral 
itai  portions  of  tlie  rib.  Only  the  anterior  ribs  reach 
nuni^  and  these  are  called  the  "  true"  ribs ;  the  poste- 
5,  which  fall  short  of  the  breast-bone,  being  known  as 
Ise  "  ribs, 

ttcmum  orbrcast-bonc  is  formed  of  several  pieces  placed 
lind  the  other,  but  usually  anchylosed  together  to  form 
^  bone.  It  is  placed  upon  the  ventral  surface  of  the 
rtd  is  united  with  the  vertebral  column  by  the  ribs  and 
rtilages.  It  is  generally  a  long  and  narrow  bone,  but  in 
9€m  it  is  broad.  It  is  only  in  some  burrowing  animals 
i  the  Moles)  and  in  the  true  flying  Mammals  (the  Bats), 
;  sternum  is  provided  with  any  ridge  or  keel  for  the  at- 
ttt  of  the  pectoral  muscles,  a.s  it  is  in  Birds.  The  ster- 
primitively  composed  of  three  pieces,  an  anterior  piece 
iernum,  a  middle  ])iece  or  vtaosternum,  and  a  posterior 
T  xiphistcrnum.  The  pncsternura  is  the  **  manubrium 
of  human  anatomy,  and  is  the  portion  of  the  sternum 
lies  in  front  of  the  attachment  of  the  second  pair  of  ribs, 
other  ribs  are  connected  with  the  mesostemum.  The 
tmum  is  the  **  xiphoid  cartilage  "  of  human  anatomy,  and 
nonly  remains  throughout  life  more  or  less  unossified. 
Monotremes  there  is  a  T-shaped  bone  above  or  in  front 
prxslemiim,  but  this  is  probably  to  be  regarded  as  be- 
;  to  the  shoulder-girdle,  and  as  representing  the  **  epi- 
n"  or  '*  interrlnvicle"  of  the  Reptiles, 
normal  number  of  limbs  in  the  Mammalia  is  four,  two 
r  and  two  posterior ;  and  hence  they  are  often  spoken 
quadrupeds,'"  though  all  the  limbs  are  not  universally 
t,  and  other  animals  have  four  limbs  as  well.  T'lie  ante- 
nbs  are  not  known  to  be  wanting  in  any  Mammal,  but 
Iterior  Jirnbs  are  absent  in  the  Cdacea  and  Sirenia, 
Cgards  the  structure  of  the  anterior  limb,  the  chief 
to  be  noticed  concern  the  means  by  which  it  is  con- 
with  the  trunk.  The  scapula  or  shoulder  blade  is  never 
,  and  it  is  in  the  form  of  a  broad  flat  bone,  applied  to  the 
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outer  aspect  of  the  ribs,  and  much  more  developed  than  in  ihe 
Birds.  The  coracoid  bone,  which  forms  such  a  marked  feaoie 
in  the  scapular  arch  of  j^7Yj,  is  fused  with  the  scapula,  a&d 
only  articulates  with  the  sternum  in  the  Duck-mole  and  Echidni 
(Monotremata).  In  aU  other  Mammals  the  coracoid  fo*mi 
merely  a  process  of  the  scapula,  and  does  not  reach  the  top  of 
the  breast-bone.  The  collar-bones  or  clavicles  never  uniie  b 
any  Mammal  to  form  a  ^' furciilum,"  as  in  Hirds ;  but  in  the 
Monotremes  they  imtte  with  an  "inter-clavicle "placed 
of  the  siemum.  The  claWcles,  in  point  of  fact,  are  not  : 
in  a  well-developed  form  in  any  Mammals  except  in  i'-'. 
which  use  the  anterior  limbs  in  flight,  in  digging,  or  in  ]  rt;!nii 
sion.  The  Cdacea^  the  Hoofed  Quadrupeds  (U9\guht(\\vb^ 
some  of  the  Edoitata^  have  no  clavicles.  Most  of  the  (^'m;i 
vora  and  some  Rodents  possess  a  clavicle,  but  this  is  im 
and  does  not  articulate  with  the  top  of  the  sternum.  1  >.^  ;*.. 
sectivorous  Mammals,  many  of  the  Rodents,  the  Rats,  and  ill 
the  Quadmmana,  have  (with  man)  a  perfect  clavicle  artii 
ing  with  the  anterior  end  of  the  sternum. 

The  humerus,  or  long  bone  of  the  upper  arm  {hra^Tum\ 
never  wanting,  but  is  extremely  short  in  the  Whales,  in  w 
the  anterior  limbs  are  converted  into  swimming-paddles. 

In  the  fore-arm  of  all  Mammals  the  ulna  and  radius  are 
cognisable,  but  they  are  not  necessarily  distinct;  and  ther^id 
as  being  the  bone  which  mainly  supports  the  hand,  is  the 
one  which  is  always  well  developed,  the  ulna  being  often 
mcntary.     In  the  Cetac^a  the  ulna  and  radius  arc  anchyl 
together;  and  in  most  of  the  Hoofed  Quadrupeds  they  are 
chylosed  towards  their  distal  extremities. 

The  fore-arm  is  succeeded  by  the  small  bones  which 
pose  the  wrist  or  **  carpus."  These  are  eight  in  number  in 
but  vary  in  different  Slammals  from  five  to  eleven. 

The  metacarpus  in  man  and  in  most  Mammals  consists 
five  cj'Iindrical  bones,  articulating  proximally  with  the  carpusi 
and  distally  with  the  phalanges  of  the  fingers.  The  most  re 
markable  modification  of  this  normal  state  of  things  occun  ia 
the  Ruminants  and  in  the  Horse.  In  the  Ruminants,  in  »hidi 
the  foot  is  cleft,  and  consi.sts  of  two  perfect  toes  only,  there  are 
two  metacarpal  bones  in  the  embryo  ;  but  these  are  anchylnsed 
together  in  the  adult,  and  form  a  single  mass  which  is  knon 
as  the  "canon-bone"  (fig.  334.  ca).  In  the  Horse,  in  whkk 
the  foot  consists  of  no  more  than  a  single  digit  there  is  only 
single  metacarpal  bone,  on  each  side  of  which  are  two 
bony  spines — the  so-called  "splint-bones" — which  are  a 
superiorly  to  the  caqius.     These  are  to  be  regarded  as 


arpals  ;  but  by  Cuvier  they  were  looked  upon  as 

ars.     In  most  of  the  other  Ungulates  there  are  at 

tacarpals,  and  in  the  Elephants  there  are  five. 

number  of  digits 

y  vary  from  one 

middle  finger  is 

!  most  persistent 

(f  the  fore-limb; 

rse  it  is  the  only 

Jft  (fig.  334.  A). 

very  frequently 
Ruminants  there 
,ngers  which  are 
eful,  these  carr}*- 

In  many  Rumi- 
r,  there  are  two 
nd  functionally 
n  addition. 
:h  digit  has  three 
;ept  the  thumb, 
y  two.     In  the 

tenor  limbs  form 
idles  very  like 
hthyosattrus  and 
le  phal.inges  are 
icreased  in  num- 
e  in  those  Rep- 
the  Mammalia, 
Cdacea,  it  is  the 
jrminal  phalanx 
should  carry  a 
ioof. 

anterior  limbs  are  never  absent  in  any  Mammal, 
limbs  are  occasionally  wholly  wanting,  as  in  the 
'iratia.  Generally  speaking,  however,  the  poste- 
present,  and  the  pelvic  arch  has  much  the  same 
man.  The  two  halves  of  the  pelvis — the  ossa 
:onftist  each  of  three  pieces  in  the  embryo  (viz., 
lium,  and  pvibcs),  which  meet  to  form  the  cup- 
known  as  the  *' acetabulum,"  with  which  the  head 
^one  articulates.  In  the  adult  Mammal  these 
re  anchylosed  together,  and  the  two  ossa  inno- 
in  front  by  means  of  a  symphysis  pubis,  con- 
by  a  cartilaginous  union  (synchondrosis"),  ot  b^ 

2  C 


Fig.  334- — A,  Fftre-leg  of  the  Hone:  r 
Rndtus ;  c  Carpus  :  rtt  Canon-bone ;  / 
Splint-bone;  a  rirsl  phalarx  or  "  ktcih 
pasicm  ;"    b  Second  plulanx  or  "  koiaU 

stem  ;  "  c  Uneuat  (ihaUnx  or  *'  coffin- 
:."  B»  Fore  limb  of  a  Deer:  r  Radi- 
us ;  c  Carpus  ;  ca  Canoa-boiie  ;  x  Supple- 
mentary toe. 
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merely  ligamentous  attachment  In  some  Mammals, 
such  as  the  Mole,  and  many  of  the  Bats,  tlie  pabic  bonci  re 
main  disunited  during  life.  As  a  rule  also,  the  ossa  innomin- 
ata  are  firmly  united  with  tlie  vertebral  column.  In  the  Ccti- 
ceans,  in  wliich  the  hind  limbs  are  wanting,  and  there  is  do 
sacrum,  the  innominate  bones  are  rudimentary,  and  arc  doc 
attached  in  any  way  to  tiie  spine. 

The  only  other  bones  which  are  ever  connected  with  the 
pelvis  are  two  small  bones  which  are  directed  up«*ar(Js  from 
the  brim  of  the  pelvic  cavity  in  Marsupials  and  Monotrtnta. 
These  are  the  so-called  "  marsupial  bones  *'  regarded  generalljf 
as  not  forming  parts  of  the  skeleton  properly  so  called,  bm 
as  being  ossifications  of  the  internal  tendons  of  the  "exiaial 
oblique"  muscles  of  the  abdomen  (fig.  336). 

In  those  Mammals  which   possess  hind-limbs,  the  noi 
composition  of  the  member  is  of  tlie  following  parts  :- 
thigh-bone  or  femur;  2.  Two  bones  forming  the  shink,. 
known  as  the  tibia  and  fibula;  3.  A  number  of  small 
constitiiting  the  ankle  or  tarsus;  4.  The  "root"  of  thcfoot, 
made  up  of  the  "  metatarsus  ; "  5.  The  phalanges  of  the 
(see  fig.  271). 

The  thigh-bone  or  femur  articulates  mih  the  pelvis,  us 
at  a  very  open  angle.  In  Man  it  is  distinguished  by  beinjl 
longest  bone  of  the  body,  and  by  having  the  axis  of  its 
nearly  parallel  to  that  of  the  vertebral  column.  In  most  M 
mals  the  femur  is  relatively  shorter,  and  the  axis  of  its 
deviates  considerably  from  that  of  the  spine,  being  som< 
at  right  angles,  or  even  at  an  acute  angle. 

Of  the  bones  of  the  leg  proper  the  tibia  corresponds  to  the 
radius  in  the  fore-limb,  as  shown  by  its  carrying  the  tareus; 
and  the  fibula  is  the  representative  of  the  ulna.  The  amcnU' 
tion  between  the  tibia  and  fibula  on  the  one  hand,  and  tJw 
femur  an  the  other,  constitutes  the  "  knee-joint,"  which  is  dw- 
ally  defended  in  front  by  the  "  knee-pan  "  or  patella,  i  Luge 
sesamoid  bone  developed  in  the  tendons  of  the  great  eitrasor 
muscles  of  the  thigh.  The  patella  is  of  small  size  in  the  dr* 
riivora^  but  does  not  appear  to  be  wanting  in  any  excc[4  tb« 
Marsupials.  In  many  cases  tlie  tibia  and  fibula  are  anchyk)sed 
towarcfs  their  distal  extremities.  In  the  Horse  the  fibuU  hu 
much  the  same  character  as  in  Birds,  being  a  long  splinililw 
bone  which  only  extends  about  half-way  down  the  tibia,  la 
the  Ruminants  the  reverse  of  this  obtains,  the  upper  half  of  ll»e 
fibula  being  absent,  and  only  the  lower  half  present. 

The  tibia  articulates  with  the  tarsus,  consisting  in  Min  of 
seven  bones,  but  varying  in  different  Mammals  from  four  to  nine. 
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e  foot  consists  normally  of  five  toes  connected  with  tlie 
us  by  means  of  five  metatarsal  bones,  which  closely  re- 
ble  the  metacarpals.  In  the  Ruminants  there  are  only  tfl^o 
metatarsals,  and  these  are  anchylosed  in  the  adult,  and  carry 
two  toes.  In  the  Horse  there  is  only  one  complete  metatarsal 
supporting  a  single  toe.  As  a  rule,  the  number  of  digits  in  the 
lund-limb  or  foot  is  the  same  as  thai  in  the  fore-limb  or  hand  ; 
but  this  is  not  always  the  case. 

The  cranial  bones  are  invariably  connected  with  one  another 
by  sutures,  and  in  no  other  examples  than  the  Monotremes  are 
these  sutures  obliterated  in  the  adulL  The  occipital  bone 
cajries  two  condyles  for  articulation  with  the  first  cervical 
vertebra.  The  lower  jaw  is  composed  of  two  halves  or  rami, 
■which  are  distinct  from  another  in  the  embrj'o,  and  may  or 
may  not  be  anchylosed  together  in  the  adult  However  this 
may  be,  in  no  Mammal  is  the  ramus  of  the  lower  jaw  composed 
of  several  pieces,  as  it  is  in  Birds  and  Keptiles,  nor  does  it 
articulate  with  the  skull  by  the  intervention  of  an  os  quadralnm. 
On  the  other  hand,  each  ramus  of  the  lower  jaw  in  the  Mam- 
mals is  composed  of  only  a  single  piece,  and  articulates  with 
the  squamosal  element  of  the  skull,  or,  in  other  words,  mth  the 
squamous  portion  of  the  temporal  bone. 

Tcdh  are  present  in  the  great  majority  of  Mammals ;  but 
they  are  only  present  in  the  embryo  of  the  Whalebone  ^V'hales, 
and  are  entirely  absent  in  the  genera  Echidna^  Martis^  and 
Afyrmecopha^a.     In  the  Duck-mole  {Orniihorhymhus)  the  teeth 
are  homy,  and  the  same  was  the  case  in  the  extinct  Rhytina 
amongst  the  Sircriia.     In  all  other  Mammals  the  teeth  have 
their  ordinary  structure  of  dentine,  enamel,  and  crusta  petrosa, 
these  elements  being  variously  disposed  in  different  cases.     In 
no  Mammals  are  the  teeth  ever  anchylosed  with  the  jaw,  and 
in  all  the  teeth  are  implanted  into  distinct  sockets  or  alveoli, 
•which,  however,  are  very  imperfect  in  some  of  the  Cetacea. 
5         Many  Mammals  have  only  a  single  set  of  teeth  throughout 
P    life,  and  these  are  termed  by  Owen  "  monophyodont."     In 
11    inost  cases,  however,  the  first  set  of  teeth — called  the  *'  milk  ^ 
or  "  deciduous  '*  teeth — is  replaced  in  the  course  of  growth  by 
a  second  set  of  ** permanent"  teeth.     The  deciduous  and  per- 
manent sets  of  teeth  do  not   necessarily  correspond  to  one 
another ;  but  no  Mammal  has  ever  more  than  these  two  sets. 
The  Mammals  with  two  sets  of  teeth  are  called   by  Owen 
*'  diphyodont." 

In  Man  and  in  many  other  Mammals  the  teeth  are  divisible 
into  four  distinct  groups,  which  dififer  from  one  another  in 
position,  appearance,  and  function  \  and   which   are   ktiov^w 
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respectively  as  the  ifuisors,  canina,  prctmolars^  and  jwtitfi 
(fig.  335).  "Those  teeth  which  are  implanted  in  the  pra- 
maxillary  bones,  and  in  the  corresponding  pan  of  the  lowtf 
jaw,  are  called  *  incisors,'  whatever  be  ihcir  shape  or  sue. 
The  tooth  in  the  maxillary  bone  %vhich  is  situated  at  or  nor 
to  the  suture  with  the  pr^maxillary,  is  the  *  canioc'  as  is  ilw 
that  tooth  in  the  lower  jaw  which,  in  opposing  it,  passes  is 
front  of  its  crown  when  the  mouth  is  closed.  The  other  teeth 
of  the  first  set  are  the  *  deciduous  molars ; '  the  teeth  frfuti 
displace  and  succeed  them  vertically  are  the  *  pncmolm,' 
the  more  posterior  teeth»  wliich  are  not  displaced  by  vertiol 
successors,  arc  the  '  molars  *  proi>erly  so  called- '*—{Owea| 
The  deciduous  deniition,  therefore,  of  a  diphyodont  MamDnl 
consists  of  only  three  kinds  of  teeth — incisors,  canines,  wi 


Fig.  335.— Teeth  of  the  righl  title  of  the  \ttwtx  jaw  of  the  Chimpanxe*  (Wier  '  '•ra* 
■'  I  odKini ;  r  Canine  X  /m  Pra^nolan ;  ■*  MoIatk. 


molars.  The  incisor  and  canine  teeth  of  the  deciduous  sctart 
replaced  by  the  teeth  which  bear  llie  same  names  in  the  po-. 
manent  set  The  deciduous  *' molars,"  however,  are  rcpiicc^ 
by  the  permanent  *'  prarmolars,"  and  the  "  molars  "  of  the  pff- 
mancnl  set  of  teeth  are  not  represented  in  the  deciduous  scriCK 
only  existing  once,  and  not  being  replaced  by  successors. 

All  these  four  kinds  of  teeth  are  not  necessarily  present* 
all  Mammals,  and,  as  will  be  afterwards  seen,  the  chamctenof 
the  teeth  are  amongst  the  most  important  of  the  distinctions  Iff 
which  the  Mammalian  orders  are  separated  from  one  3i*»»*<« 
The  variations  which  exist  in  the  number  of  teeth  i 
Mammals  are  usually  expressed  by  a  "dental  fonnu 
presents  the  "dentition  "  of  both  jaws  io  a  conde^^ 
easily-recognised  form. 
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According  to  Owen,  the  t)T5ical  permanent  dentition  of  a 
diphyodont  Mammal  would  be  expressed  by  the  following 
formula : — 


I 


.  3 — 3        i-^i  4—4        3—3 

^—i      i-i        4-4      3-3 


e  four  kinds  of  teeth  arc  indicated  in  such  a  formula  by  the 
letters — incisors  /,  canines  r,  prajmolars  pm,  molars  m.  The 
numbers  in  the  upper  line  indicate  the  teeth  in  the  upper  jaw, 
those  in  the  lower  line  stand  for  those  in  the  lower  jaw  ;  and 
the  number  of  teeth  on  each  side  of  the  jaw  is  indicated  by 
the  short  dashes  between  the  figures. 

As  regards  their  general  distribution  in  timfy  as  a  matter  of 
course,  the  remains  of  Mammals  are  scanty,  and  occupy  but 
ft  small  space  in  the  geological  record;  since  the  greater 
Dumber  of  the  AfammaUa  are  terrestrial,  and  the  greater 
number  of  the  stratified  fossiliferous  deposits  are  marine.  The 
Mammals,  loo,  are  the  most  highly  organised  of  the  entire 
sub-!tingdom  of  the  Vertcbraia ;  and  therefore,  in  obedience  to 
the  well-known  law  of  succession,  they  ought  to  make  their 
appearance  upon  the  globe  at  a  later  period  than  any  of  the 
lower  classes  of  the  Vcricbraia.  Such,  in  point  of  fact,  is  to  a 
great  extent  the  case ;  and  if  the  geological  record  were  perfect, 
the  law  would  doubtless  be  carried  out  to  JLs  full  extent. 

It  is  in  the  upper  portion  of  the  Triassic  Rocks — that  is  to 
say,  not  long  after  the  comineucemenC  of  the  Mesozoic  or 
Secondary  epoch— that  Mammals  for  the  first  time  make  their 
appearance ;  three  or  four  species  being  now  known  in  a  zone 
ofrocks  which  are  placed  at  the  summit  of  the  Trias,  just  where 
ihis  formation  begins  to  pass  into  the  Lias.  The  earliest  of  these 
—the  oldest  known  of  all  the  Mammals — appears  at  the  upper 
part  of  the  Upper  Trias  (Keuper)  and  also  at  its  vcr)'  summit 
(Penarth  beds),  and  has  been  described  under  the  name  of 
Microiata  antiquus.  The  nearest  ally  of  AficrMni^s  amongst 
existing  Mammals  would  seem  to  be  the  Marsupial  and  insec- 
tivorous Alyrmecobius,  or  Banded  Ant-eater  of  Australia.  As 
only  the  teeth,  however,  of  Microksies  have  hitherto  been  dis- 
covered, it  is  impossible  to  decide  positively  whether  this 
primeval  Mammal  was  Marsupial  or  Placental. 

The  next  traces  of  Mammals  occur  in  the  Stonesfield  Slate 
(Lower  Oolites),  and  here  four  species,  all  of  small  size,  are 
known  to  occur.  Most  of  these  were  Marsupial,  but  it  is 
possible  that  one  was  Placental.  They  form  the  genera  Amphi- 
itstts,  Amphithcrium^  Phascohthcrium,  and  Stcrrognat/ius.  After 
the  Stones&eld  Skte  anotlier  inter\-aJ  succeeds,  in  whidi  no 
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Mammalian  remains  have  hitherto  been  found  ;  but  in  the  frc^^ 
water  formation  of  the  Middle  Purbeck,  at  the  top.  namely, 
the  Oolitic  series,  as  many  as  fourteen  small  Mammals  \a.t 
been  discovered.     These  constitute    the   genera  J^lagia 
Spahuotfurium^  Triconodon,  and  GaiesUs.     Another  gap 
follows,  no  Mammal  having  hitherto  been  discovered  in 
portion  of  the  Cretaceous  series  (with  doubtful  exceptions). 

Leaving  the  Mesozoic  and  entering  upon   the  Kainoi 
period,  remains  of  Mammals  are  never  absent  from  any  of  i 
geological  formations.     From  the  base  of  the  Eocene  Re 
up  to  the  present  day  remains  of  Mammals  commonly 
constantly  increasing  in  number  and  importance,  till  we 
at  the  fauna  now  in  existence  upon  the  globe. 

In  the  following  are  given  the  characters  of  each  or 
the  Mammaliay  with  the  range  in  time,  and,  so  far  as 
the  more  important  fossil  forms  of  each.  The  number, 
ever,  of  known  fossil  Mammals  is  so  great,  and  in  many 
they  exhibit  so  many  peculiarities  and  divergences  from 
ing  forms,  that  nothing  more  can  be  attempted  here  th 
give  a  brief  and  general  sketch  of  the  paljeontological  hisu 
the  class  ;  attention  being  drawn,  where  it  may  seem  netei 
to  extinct  types  of  special  interest. 
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ORDERS   OF  MAMMAUA. 

Ordf.r  I.  MoNOTREMATA.— The  first  and  lowest  order  of  the 
Mammalia  is  that  of  the  Momh'ematay  containing  only  tws 

fen  era,  both  belonging  to  Australia — namely,  the  Duck- 
Oniithorhynckus)  and  the  Porcupine  Ant-eater  {Echidna). 
The  order  is  distinguished  by  the  following  character  i 
The  intestine  opens  into  a  "cloaca,"  which  receives  also 
products  of  the  urinary  and  generative  organs,  which  disduigT 
themselves   into   a   urogenital   cana! — the  condition  of  part* 
being  very  much  the  same  as  in  Birds.     The  jaws  ar^ 
wholly  destitute  of  teeth  {Echidna)^  or  are  furnished  witii 
plates  which  act  as  teeth.     The  pectoral  arch  has  some  big 
bird-like  characters,  the  most  important  of  these  bciug 
extension  of  the  coracoid  bones  to  the  anterior  end  of 
emum.     The  females  possess  no  marsupial  pouch,  but  t 
ilvis  is  fiuTiished  with  the  so-called  **  marsupial  bones,"  1 
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to  be  ossifications  of  the  internal  tendon  of  the  external 

[ique  muscle  of  the  abdomen.  Tlie  corpus  callosum  is  very 
ftmoU,  and  has  been  asserted  to  be  altogether  wanting.  There 
lire  no  external  ears.  The  mammary  glands  have  no  nipples, 
ftod  their  ducts  open  either  into  a  kind  of  integumentary  pouch 
[£cAii/rta)  or  simply  on  a  flat  surface  {Ornithorhymhus).  The 
|rOung  are  said  to  be  destitute  of  a  placenta,  or,  in  other  words, 
DO  vascular  connection  is  established  between  the  foetus  and 
the  mother.  The  feet  have  live  toes  eachj  armed  with  claws, 
■nd  the  males  carry  perforated  spurs  on  the  back  of  the  (arsus 
(attached  to  a  supplementary  tarsal  bone). 

As  regards  their  geological  history,  the  Monotremes  are  not 
known  to  be  represented  at  all  in  past  time  \  and  this  need  not 
excite  any  surprise,  seeing  that  the  order  is  represented  at  the 
preJient  day  by  no  more  than  two  genera,  both  confined  to  a 
single  geographical  region.  Upon  theoretical  grounds,  how- 
ever, it  may  be  expected  that  we  shall  ultimately  discover  that 
the  antiquity  of  the  order  Monotretnata  is  extremely  high* 
I  Order  II.  Marsupiaua. — The  order  Marsupialia  forms 
with  the  Monotremata  the  division  of  the  Non-placental  Mam- 
mals. With  the  single  exception  of  the  genus  Didclphys^  which 
is  American,  all  the  Marsupiaiut  belong  to  the  Melanesian  pro- 
vince ;  that  is  to  say,  they  all  belong  to  Australia,  Van  Diemen's 
•  Land,  New  Guinea,  and  some  of  the  neighbouring  islands. 

The  folloii^'ing  are  the  characters  which  distinguish  the 
order  t^ 

The  skull  is  composed  of  distinct  cranial  bones  united  by 

'Sutures,  and  they  all  possess  true  teeth  ;  whilst  the  angle  of 

the  lower  jaw  is  almost  always  inflected.     The  pectoral  arch 

has  the  same  form  as  in  the  higher  Mammals,  and  the  coracoid 

no  longer  reaches  the  anterior  end  of  the  sternum.     All  pos- 

'Sess  the  so-called  '*  marsu]>ial  bones"  (fig.  ZZ^\  attached  to 

'the  brim  of  the  pelvis.     The  corpus  callosum  is  very  small, 

and  has  been  asserted  to  be  absent.     The  young  Marsupials 

are  bom  in  a  very  imperfect  condition,  of  very  small  size,  and 

at  a  stage  when  their  development  has  proceeded  to  a  very 

h'mited  degree  only.     It  is  believed  that  there  is  no  placenta 

or  vascular  communication  betiveen   the  mother  and  fcetus, 

parturition  taking  place  before  any  necessity  arises  for  such  an 

arrangement.     As  the  young  are  bom  in  such  an  imperfect 

state  of  development,   special  arrangements  are  required  to 

secure  iheir  existence.     When  bom,  they  are  therefore,  in  the 

great  majority  of  cases,  transferred  by  the  mother  to  a  peculiar 

pouch  formed  by  a  folding  of  the  integument  of  the  abdomen. 

This  pouch  is  known  as  the  "  raarsupiuni,"  and  gives  the  name 
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to  the  order.     Within  the  marsupium  are  contained  thiulp^ 
which  are  of  great  length.     Being  for  some  time  after  iha 
birth  extremely  feeble,  and  unable  to  perform  ihe  act  c( 
tion,  the  young  within  the  pouch  are  nourished  invol 
the  mammary   glands    being   provided   with  special 
which  force  the  milk  into  the  mouths  of  the  young. 
later  stage  the  young  can  suckle  by  their  own  exertioMt 
they  leave  the  pouch  and 
it  at  will.     In  a  few  forms 
no  complete  marsupium  u 
described;  but  the  simcturt o( ik* 
nipples  is  ihe  same,  andiheyoan 
are  carried  about   by  the  moihfl. 
adhering  to  the  lengthy  tcais. 

The  so-called  *'  marsupial  boDtt 
(fig.  $^6)  doubtless  ser\'e  to  suppon 
the  marsupial  p>ouch  and  its  coa- 
tained  young,  but  this  caiuiot  be 
their  sole  function,  since  they  ocoi 
in  the  Monolremes,  to  which  there 
is  no  pouch. 

They  consist  of  two  small 
which  spring  from  the  brim  of 
pelvis,  and  which  are  merely 
fications  of  the  internal  tendons 
the  "external  oblique"  muscles 
the  abdomen. 

The  Marsuptalia  may  be 
marily  divided  into  tlie  vegetahi6 
eating  and  the  rapacious  or  ca- 
nivorous  forms — the  former  characterised  by  the  rudimcnta^ 
condition  or  absence  of  the  canine  teeth,  the  molars  d» 
having  broad  grinding  crowns ;  whilst  in  the  latter  there 
well-developed  canines,  and  the  molars  mostly  have  ireni 
edges.  In  the  phytophagous  section  are  the  li\*ing  Kangaroos 
(AIacropodidce\  the  Wombat  (Fhascohmys)^  the  Kangaroo-nti 
{Hypsiprymnus)^  and  the  Phalangers  {Pha/an^stUa).  In  the 
carnivorous  section  are  the  tnie  Opossums  {Duir/phuiit),  ^ 
Banded  Ant-eater  (Myrmecobius)^  the  Thyiacinus^  and  ibc 
"  native  devil "  or  Dasynrus. 

As  regards  their  distribution  in  time,  the  Afarsupialia^ 
bably  constitute  the  oldest  of  the  Mammalian  orders.    Osr** 
however,  to  the  detached  and  fragmentary  condition  of  all 
all  Mammalian   remains — consisting   in   many   cases  d 
ramus  of  the  lower  jaw,  or  of  separate  teeth — it  is  not  pos 


Fig.  336.— One  side  of  the  pel- 
vis of  a  Kangaroo,  ^houfing  the 
"  manupial  bones  "  (m).  After 
Owen. 
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tc  this  with   absolute  certainty.      The  oldest  known 
>pean  Manimal  is  the  MicrolesUs  antiquus  of  the  Upper 
»nly  a  few  teeth  of  which  have  been  as  yet  detected. 
Lrliest  horizon  on  which  MicreUstes  occurs  is  in  a  *'  bone- 
in  the  Keuper  of  Wiirlemberg  ;  but  it  has  also  been 
ted  in   the   higher   "  Khastic "  beds.       Professor   Owen 
:s  that  the  Hypsiprymnopsis  of  Mr  Boyd  Dawkins,  from 
isetic  marls  of  Somersetshire,  is  also  referable  to  Micro- 
Upon  the  whole,  it  is  most  probable  that  MicroiesUs 
[arsupial  j  and  it  appears  to  be  most  nearly  related  to 
ittle  insectivorous  MyrnucQbins  or  Banded  Ant-eater  of 
Wales  (tig.  337). 


fi*'  %%i'~Myrm€<tbima  /tuciaiut. 


Tearly  allied  to  Microlestcs  is  a  small  Mammal,  a  lower  jaw 
•hich  has  been  obtained  from  the  Trias  of  North  America, 
which  has  been  described  under  the  name  oi  Vromathcrium 
rstre.  This  little  animal  (fig.  338)  appears  also  to  be  Mar- 
a],  and  to  be  most  nearly  related  to  Myrmccobius.      Each 


338.— Lower  jaw  of  Drama fkrrium  Myhfitre  (nfter  Emmons).     From  hkIc* 
iuppo*ed  to  be  ofTiiiuiiic  ajjc,  in  North  Carolina. 

as  of  the  lower  jaw  contains  "ten  small  molars  in  a  cen- 
sus series,  one  canine,  and  three  conical  incisors — the 
r  being  divided  by  short  intervals ''  (Owen). 
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The  next  Mammaliferous  horizon  above  the  Trias  is 
Stonesfield  Slate  in  the  Lower  Oolites;  and  there  is  noi 
that  some,  if  not  all,  of  the  Mammalian  remains  of  i 
to  small   Marsupials.      Four  genera  of  small 
known  from  this  horizon  —  viz.,  AmJthilesUs^  Amfh 
Phascohtherlum,   and    Si^fogruit/tus.       In  Amphithirit 
339),  the  molars  are  cuspidate,  and  the  animal  was  de 


Fig.  339.— Ramus  or  (he  \owct  JOlw  vS  AmfiHtirriitm  {Tk^ist»thfnam) 
Pmvitii.     StoncthcU  Slate 


insectivorous.      It  is  believed  by  Owen  to  be  Marsni)!-'  " 
to  be  most  nearly  related  to  Myrmecobius,     AmphiUsi^  ji 
Phascohthcrium  (fig.  340)  are  also  believed  by  the  same  hi^ 
authority  to  have  been  insectivorous  Marsupials,  and  th"  ''"•• 
is  supposed  to  find  its  nearest  living  ally  in  the  Opti^- 
America.     Lastly,  the  Siereognathus  of  the  Stonesfield  :?uit 
in  a  dubious  position.      It  may  have  been  Marsupial; 
upon  the  whole,  Professor  Owen  is  inclined  to  believe 
was  placental,  hoofed,  and  herbivorous. 

"With  the  occurrence  of  small  Marsupials  in  England 
the  Oolitic  period,  it  is  interesting  to  notice  how  the  fa 
that  time  approached  in  other  respects  to  that  now  inha 
Australia.      At  the  present  day,  Australia  is  almost 
tenanted  by  Marsupials  ;  upon  its  land-surface  flourish  .■ 
cariiE  and  Cycadaceous  plants,  and  in  its  seas  swims  the 
Jackson  Shark  {Cestracion   Phiiippi)\   whilst  the  Molli 
genus  Trigonia  is  nowadaj's  exclusively  confined  to  the 
tralian  coasts.      In  England  at  the  rime  of  the  d 
the  Stonesfield  Slate,  we  must  have  had  a  fauna  and  lion 
closely  resembling  what  we  now  see  in  Australia-    The 
Marsupials  Amphilheriitm  and  Phascohtherium  prove  thai 
Mammals  were  the  same  in  order ;  cones  of  Araucarian 
with  tree-ferns  and  fronds  of  Cycads,  occur  throughou 
Oolitic  series;  spine-bearing   fishes,   like   the   Port-]»c 
Shark,  are  abundantly  represented  by  genera  such  as  A- 
and  Strophihius ;    and  lastly,  the  genus    Trigonia,  now 
sively  Australian,  is  represented  in  the  Stonesfield  SI 
species  which  difier  little  from  those  now  existing. 

AnolhcT  sm^u\iT  ^ovvil  qC  resemblance  is  established 
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ice  in  the  rivers  of  Queensland  of  the  "  Barramimda/' 
jreferred  to  the  genus  Oratodiis — a  genus  which,  though 
fcntiy  Triassic,  nevertheless  extended  its  range  into 
Isic  period. 

rds  the  close  of  the  Oolitic  period,  in  the  Middle  Pur- 
ls, we  have  evidence  of  a  number  of  small  Mammals,  all 
1  are  probably  referable  to  the  Marsupiaiia,  Fourteen 
Ire  known,  all  of  small  size,  the  largest  being  no  bigger 
Olecat  or  hedgehog.  The  genera  to  which  these  little 
eds  have  been  referred  are  Flagiauiax^  Spalacoiherium^ 
bft^  and  Ga/esUs.  The  first  of  these — viz.,  Plaghxulax 
V  4) — is  believed  to  be  raost  nearly  allied  to  the  living 

' 'J 
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politic  Mammals,  natunl  «{xe.     i.  Lower  Jaw  luid  tectli  nf  Pkateaiothrrium ; 
\    •.  iJTrif*mad*n;  %.  of  Am/AitArriiuM ;  4.  aX Plagmmta.v> 


X>-rats  (Hypsiprymniis)  of  Australia  ;  and  it  is  held  by 
thoritics  to  have  been  phytophagous^  as  are  its  living 
I  Professor  Owen,  on  the  other  hand,  maintains  that 
Src  was  carnivorous.  The  remaining  three  genera — 
\lacotherium,  Triconodon  {fig.  340,  2),  and  GaiesUs — ap- 
bave  been  certainly  insectivorous,  and  find  their  nearest 
[lies  in  the  Australian  Phalangers  and  the  American 
OS. 

S  older  Tertiary  Rocks  the  remains  of  Marsupials  are 
idant  In  the  Eocene  Tertiary  (G)T3seous  series  of 
irtre),  however,  occurs  an  Opossum,  which  is  very 
illied  to  the  existing  American  forms,  and  which  has 
pned  the  Didclphys  Gypsorum.  Other  species  of  the 
pus  have  also  been  discovered  in  deposits  of  Miocene 

^  later  Tertiary  and  Post-tertiary  period  the  order  of 
tsupiaJia  is  represented  by  some  very  remarkable  fonns. 
lains  in  question  have  been  found  in  the  bune-caves  of 
I — the  country  in  which  Marsupials  now  abound  above 
her  part  of  the  globe ;  and  they  show  that  Avi&Ua.V\BL, 
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at  no  distant  geological  period,  possessed  a  Marsupial 
much  resembling  tliat  which  it  has  at  present,  but  coc 
lively  of  a  much  more  gigantic  size.     In  the  remains  fro) 
Australian  bone-caves,  almost  all  the  most  characteristic! 
Marsupials  of  Australia  and  Van  Dieraen's  Land  are 
sented  ;  but  the  extinct  forms  are  usually  of  much  greaioi 
We  have  Wombats,  Phalangers,  Flying  Plialangcrs,  and ' 
garoos,  with  carnivorous    Marsupials   resembling  the 
Thyiacinus  and  Dasyurus.     The  two  most  remarkable  of  1 
extinct  fonns  are  Diprotodon  and  Thylacoleo.     In  mo«' 
tial  respects  Diprotcnion  resembled  the  Kangaroos,  ihf  i 
tion,  especially,  showing  many  points  of  affinity.    The 

limbs,  however,  of/)// 
were  by  no  means  so 
p^/^^^^^        >^         portionately   long  u 
■^^^^^jiiiMtf^  \.       Kangaroos.     In  siie, 
todmi  must  have  manf 
exceeded  the  largest 
living   Kangaroos,  sii 
skull    measures  three  (a 
length  (fig.  341). 
Fig.  34i-SkuUofi><>rw<»Ji»«^itt/m/u.         Smaller  than  D^^ 

Nototho'ium^  a  genua  wl 
also  most  nearly  allied  to  the  living  Kangaroos. 

Tkyiacoko  (fig.  342),  like  Plagiauiax^  is  in  a  disputed 


Fi£.  34X— S^LuW  ot  Tkylocolw.    V«M/^cxvv&r<)  (Uvou^  of  Ausiralia.    (A 
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Professor  Owen  it  is  regarded  as  being  strictly  car- 
ms,  and  as  finding  its  nearest  living  ally  in  the  Thylacine. 
»  ^eat  feature  in  the  dentition  is  the  presence  in  either  jaw 
tr%e  huge,  compressed,  and  trenchant  pncmolar.  This  is 
arded  by  Owen  as  a  "  carnassial ; "  but  Professor  Flower, 
\  greater  probability,  regards  it  as  corresponding  to  the 
lit  cutting  prxmolar  of  the  Kangaroo-rats  {Hypsipry$nt}us), 
erw  which  is  further  borne  out  by  the  small  size  of  the 
»ies  in  Thyiacoleo,  Upon  the  whole,  therefore,  Flower 
eludes  that  "  Thylacolco  is  a  highly-modified  and  aberrant 
fc  of  the  type  of  Marsupials  now  represented  by  the  Macro- 
ta^  and  Fkaiangistidm^  though  not  belonging  to  either  of 
(^  famihes  as  now  restricted/'  and  he  believes  that  its  diet 
of  a  vegetable  nature.  Under  any  view  of  its  habits, 
\££Uoico  is  a  very  remarkable  type  of  the  Marsupials ;  and  it 
Pt  have  attained  a  very  great  size,  since  the  Icngtli  of  the 
*rn  of  the  great  prjeraolar  is  not  less  than  two  inches  and  a 
fcner. 

►jiDER  III.  Edentata,  or  Bruta. — The  lowest  order  of  the 
Cental  or  monodelphous  Mammals  is  that  of  the  Edentata^ 
«3  known  by  the  name  of  Bruta.  The  name  Edentata  is 
lainly  not  an  altogether  appropriate  one,  since  it  is  only  in 

genera  in  the  order  that  there  are  absolutely  no  teeth, 
fc  remaining  members  of  the  order  have  teeth,  but  these  are 
ays  destitute  of  true  enamel,  are  never  displaced  by  a 
:>nd  set,  and  have  no  complete  roots.     Further,  in  none  of 

Edentata  are  there  any  median  incisors,  and  in  only  one 
tics  (one  of  the  Armadillos)  are  there  any  incisor  teeth  at 
Canine  teeth,  too,  are  almost  invariably  wanting.  Cla- 
«s  are  usually  present,  but  are  absent  in  the  Scaly  Ant- 
fcr  {Afanis).  All  the  toes  are  furnished  with  long  and 
rcrful  claws.     The  mammary  glands  are  usually  pectoral, 

are  sometimes  abdominal  in  position.  The  testes  are 
tominal  in  position.  The  skin  is  often  covered  with  bony 
t^es  or  homy  scales. 

Che  order  Edentata  is  conveniently  divided  into  two  great 
Itions,  in  accordance  with  the  nature  of  the  food,  the  one 
fcaon  being  phytophagous,  the  other  insectivorous,  Jn  the 
TxxtT  section  is  the  single  group  of  the  Sloths  {Bradypodid<A. 
fehe  latter  are  the  two  groups  of  the  Armadillos  (Dasypodida)^ 
I  the  various  species  of  Ant-eaters  (the  latter  constituting 
hen's  group  of  the  Edentula). 

The  Edentates,  like  the  Marsupials,  are  singularly  circum- 
Ibed  at  the  present  day.  No  member  of  the  order  is  at  the 
(cnt  rime  indigenous  in  Europe.     Tropical  Asia  and  Africa 
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have  the  Scaly  Anl-eaters  or  Pangolins  ;  and  m  A/riai 

the  Edentate  genus  Orycteropus.     South  America,  hoi 
the  metropolis  of  the  Edentata^  the  order  being  that 
sented  by  the  Sloths,  the  Armadillos,  and  the  tnie 
It  is  also  in  South  America  that  by  far  the  greater 
extinct  Edentates  have  been  found  ;  and,  as  in  the 
Australian  Marsupials,  the   fossil  forms  are  gigantic  il 
as  compared  with  their  living  representatives. 

The  oldest  known  representative  of  the  Edmtei^ 
Macrothcrium  of  the  Miocene  Tertiar)'  of  Fnncc. 
gigantic  Edentate,  intermediate  in  some  respects 
Pangolins  (Maiiis)  and  the  Aardwark  (Oryderopus\ 
does  not  appear  to  have  been  any  dermal  armour,  aid! 
teeth  arc  rootless  and  destitute  of  enamel.  Theimgaij 
bnges  are  bent  like  those  of  the  Pangolins,  and  the  1 
doubtless  possessed  long  curved  claws.  From  the 
Miocene  of  Attica,  M.  Gaudrj'  has  also  described  1 
Edentate,  allied  to  Macroiho'iumy  and  larger  than  a 
ceros.  The  name  assigned  to  this  singular  form  is  A\ 
ikcrium  Faitelici. 

In  comparatively  recent  deposits   in   South  Ameriaj 
found  remains  of  Edentates  corresponding  to  the  three 
which  now  inhabit  that  continent — \'iz.,  the  Sloths, 
and  Hairy  Ant-eaters.     The  Sloths  {Bradyjtodida)  are 
sented  in  the  Post-tertiary  deposits  of  South  Amcria 
group  of  gigantic  forms,  the  most  important  of  which 
to  the  genera  Afegat/terium,  Mylodon,  and  M^alonyx. 

Megatherium  (fig,  343)  was  a  colossal  Sloth-like 


Fie.  'iAy'—Mftaiktrium  Cuviiru    pDct-Fliocene,  South 
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ttained  a  length  of  eighteen  feet,  with  bones  as  roas- 
or  more  so  than,  those  of  the  Elephant.  The  jaws  are 
;  of  canine  and  incisor  teeth,  but  there  are  five  upper 
•  lower  molars  on  each  side.  All  the  molars  have  the 
quadrangular  prisms,  the  crowns  of  which  are  furnished 
l-marketl  transverse  ridges  :  and  they  grew  from  per- 
pulps.     The  limbs  arc  extremely  massive,  and  the 

arch  has  a  clavicle.  The  digits  are  very  large  and 
and  some  of  them  are  furnished  with  well-developed 

The  tail  is  enormously  thick.  Unlike  the  Hving 
M^atherium  must  have  been  terrestrial  in  its  habits, 
St  have  lived  upon  the  foliage  of  trees  which  it  upk 
3r  itself. 

jenus  Mylodon  comprises  large  Sloth-like  animals,  of 
le  best  knowT)  is  the  Mylodon  robusius  (fig.  344).  In 
Mylodon  rohusius  was  smaller  than  the  Megatherium^ 
eached  a  length  of  eleven  feet      In  many  respects 


Skeleton  of  :>IyL\i£H  tvitu/ui.     Post-PUocene,  South  America. 


i  is  very  like  Mt^aiherium,   and  the  number  of  the 

the  same — viz.,  five  upper  and  four  lower  molars  on 

k.     The  crowns  of  the  molars,  however,  were  flat, 

of  being  ridged.      The   fore -feet  are   pentadact^- 
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lous,  and  the  posterior  tetradactylous,  the  two  external 
being  nailless. 

Megaionyx^  unlike  the  preceding,  has  been  found  in 
North  and  South  America.    It  has  the  same  number  of  tfrtli; 
Megatherium  and  Mylodon^  but  the  crou-ns  of  these  ire  oa- 
vated  centrally  and  have  a  prominent  margin.     The  forc4nDM 
are  shorter  than  the  hind-limbs,  and  the  calcaneum  is  urn 
long.     Afegai&ftyx  was  probably  about  the  size  ofaaox. 

Just  as  the  Sloths  of  the  present  day  were  foiraeriyi 
sented  in  the  same  geographical  area  by  the  gigantic  Mt 
roids,  so  the  little  banded  and  cuirassed  Armadillos  of 
America  were  formerly  represented  by  gigantic  species, 
stiUiting   the  genus    Glypiodon.      The    Giyptodms  (fig. 
differed  from  the  living  Armadillos  in  having  no  bands ini 
armour,  so  that  they  must  have  been  unable  to  roll  thcc 
up.     It  is  rare  at  the  present  day  to  meet  with  any 
over  two  or  three  feet  in  length ;  but  the  length  of  the 
don  elavipes^  from  the  tip  of  the  snout  to  the  end  of  the 
was  more  than  nine  feet. 


^E   Mi—^ly^tadfiH  itavipta.    Post  Pliocane,  South  Amcric 

There  are  no  canine  or  incisor  teeth  in  the   Giypteda^* 
there  are  eight  molars  on  each  side  of  each  jaw,  and  thci 
of  these  are  tluted  and  almost  trilobed.     The  head  is  cwt 
by  a  helmet  of  bony  plates,  and  the  trunk  was  defended 
armour  of  almost  hexagonal  bony  pieces  united  bysuiurei,i 
e.Kliibiling  special  patterns  of  sculpturing  in  each  species, 
tail  was  also  defended  by  a  similar  armour,  and  the  v« 
were  mostly  fused  together  so  as  to  form  a  cyliodriol 
rod.    The  feet  are  massive,  and  the  ungual  phalanges  shoT' 
compressed. 

Besides  the  various  species  of  Glyptodon^  South  Ament 
also  yielded  the  remains  of  several  true  species  of  Da 
neatly  a\Ued  \.o  vVve  \vvu\^  Armadillos.    These  have  been  * 
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lie  ossiferous  caverns  of  Brazil ;  in  which  occur  also  other 
snlates,  which  have  been  referred  to  separate  genera,  but  tlie 
aides  of  which  are  somewhat  dubious. 


CHAPTER   XXXVII. 
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IV.  SiRENiA. — This  order  comprises  no  other  living 
aals  except  the  Dugongs  and  Manatees,  which  are  often 
ed  with  the  true  Cetaceans  (Whales  and  Dolphins)  in  a 
mon  order.  There  is  no  doubt,  in  fact,  but  that  the  Siratia 
very  closely  allied  to  the  Cetaeca,  and  though  they  are  to 
regarded  as  separate  orders,  yet  they  may  be  advantage- 
y  considered  as  belonging  to  a  single  section,  which  has 
a  called  Mutilata,  from  the  constant  absence  of  the  hind- 
is. 

Tie  Sirmia  agree  with  the  Whales  and  Dolphins  in  their 
iplete  adaptation  to  an  aquatic  mode  of  bfe  (fig.  346) ; 
.•dally  in  the  presence  of  a  powerful  caudal  fin,  which  differs 
I  that  of  Fishes  in  being  placed  horizontally  and  in  being 
ere  expansion  of  the  integuments,  not  supported  by  bony 
.  The  hind-limbs  are  wholly  wanting,  and  there  is  no  sa- 
il. The  anterior  limbs  are  converted  into  swimming-paddles 
'flippers."  The  snout  is  fleshy  and  well  developed,  and 
nostrils  are  placed  on  its  upi>er  surface,  and  not  on  the  top 
he  head,  as  in  the  Wl^alcs.  Fleshy  lips  are  present,  and 
upper  one  usually  carries  a  moustache.  The  skin  is  covered 
■  fleshy  bristles.  The  head  is  not  disproportionately  large, 
\  the  txue  \Vhales,  and  is  not  so  gradually  prolonged  into 
body  as  it  is  in  the  latter.  There  may  be  only  six  cervical 
ebras.  The  teats  are  two  in  number  and  are  "  thoracic," 
A,  are  placed  on  the  chest.  There  are  no  claWcles,  and 
digits  have  no  more  than  three  phalanges  each.  The  testes 
retained  throughout  life  within  the  abdomen,  but  vesiculce 
inales  are  present.  The  animal  is  diphyodont,  the  pcnna- 
;  teeth  consisting  of  molars  with  llattened  crowns  adapted 
cruising  vegetable  food,  and  incisors,  which  are  present  in 
young  animal,  at  any  rate.  In  the  extinct  Rhytina  it  does 
appear  that  there  were  any  incisor  teeth. 
"he  only  existing  Sirmia  are  the  Manatees  {Manatus)  and 
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the  Dugongs  {HaUcore)^  often  spoken  of  collectively  as  "  ica- 
cows,"  and  fonning  the  family  of  the  Manaiidir. 


Fig.  346.— Sireaia.    L)ug(>Dg  \,Hatu'^rt% 

The  raost  important,  if  not  the  only,  fossil  remains  whi 
can  be  referred  with  certainty  to  the  Sirenia^  arc  those  ui 
which  the  genus  JIaiiihcrium  has  been  founded.     The 
incisors  in  this  genus  are  tusk-like,  the  lower  incisors 
and  the  molars  furnished  with  tubercular  crowns.    HaiUk 
appears   to   be   in   some  respects   intermediate  between 
Dugongs  and  Manatees ;  and  several  species  of  the  genus 
knovvn,  ranging  from  llie  Eocene  to  the  Pliocene  Teniaiy. 

The  genus  Ddnotherium  referred  to  this  order  by  Dc 
ville,  and  still  retained  in  this  position  by  Pictet,  will  be 
consitlered  as  belonging  to  the  order  of  the  Probosndta, 

Order  V.  Cetacea. — In  this  order  are  the  Whales, 
phins,  and  Porpoises,  all  agreeing  with  the  preceding  in  il 
complete  adaptation  to  an  aquatic  life.  The  body  is 
pletely  fish-like  in  form  ;  the  anterior  limbs  are  converted 
swimming-paddles  or  ** flippers;"  the  proximal  bones  of 
fore-limbs  are  much  reduced  in  length,  and  the  succ< 
bones  are  shortened  and  flattened,  and  arc  enveloped  in 
tendinous  skin,  thus  reducing  the  limbs  to  oar-like  fins;  the? 
are  no  external  ears ;  the  posterior  limbs  are  completely  abscntj 
and  there  is  a  powerful,  horizontally-flattened,  caudal  fin^socM- 
limes  accompanied  by  a  dorsal  fin  as  well.  In  all  these  char- 
acters the  Cd<um  agree  wiih  the  Sireniay  except  in  ibc  one 
last  mentioned.  On  the  other  hand,  the  nostrils,  which  nttf 
be  single  or  double,  are  always  placed  at  the  top  of  the  hei^ 
constituting  the  so-called  *' blow-holes  "  or  "  spiracles ;"  and 
they  are  never  situated  at  the  end  of  a  snout  The  bodjrli 
ver)'  sparingly  furnished  with  hairs,  or  the  adult  may  be  con- 
pletely  liairless.  The  teats  are  two  in  number  and  are  plAod 
upon  the  groin.  The  head  is  generally  of  disproportiotMU^ 
large  size,  and  is  never  separated  from  the  body  by  any  dii 
constriction  or  neck.     The  lumbar  region  of  the  spine  is 
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as  in  the  Siratia^  there  is  no  sacrum,  and  the  pelvis  is 
Jonly  present  in  a  rudimentary  form.     There  are  no  clavicles, 
and  some  of  the  digits  may  possess  more  than  three  phalanges 
each.     Lastly,  the  adult  is  either  destitute  of  teeth  or,  with  ex- 
ception of  the  Zeuglodonts,  is  monophyodont — that  is  to  say, 
possesses  hut  a  single  set  of  teeth,  which  are  never  replaced  by 
others.     When  teeth  are  jjresent,  they  are  usually  conical  and 
numerous,  anri  they  are  almost  always  of  one  kind  only. 

The  Ceiaaa  may  be  divided  into  the  t^vo  sections  of  the 
BaiitttitifFj  comprising  only  the  "  \Mialebone  Whales,"  in  which 
true  teeth  are  absent ;  and  the  "  Toothed  Whales  "  or  OdontO' 
flrfi,  comprising  the  living  families  of  the  Ddphinida.  (Dolphins 
and  Porpoises),  the  Catodontidit  (Sperm  \Vhales),  and  the  Rhyn- 
(hcdi  ("Ziphioid"  Whales),  with  the  extinct  family  of  the 
Zat^iodontUia. 


Fig.  347.->Skul]  of  the  Right  Whale  {BaUma  ii(|rj/u;f/Mi)— after  Owea. 

'.  1.  Balttnida, — The  Balisnidm  or  Toothless  Whales  are 
aracterised  by  the  total  absence  of  teeth  in  the  adult  (fig. 
[  347 ).     Teeth,  however,  are  present  in  the  fcetal  Whale,  but 
I  they  never  cut  the  gum.     The  place  of  teeth  is  supplied  by  a 
number  of  plates  of  whalebone  or  **  baleen  "  attached  to  the 
palate  ;  hence  the  name  of  "  W^halebone  \\'hales  "  often  given 
to  this  family.     They  are  the  largest  of  living  animals,  and  may 
be  divided  into  the  two  sections  of  the  Sifwoth  Whales,  in  which 
the  skin  is  smooth,  and  there  is  no  dorsal  fin  ^as  in  the  Green- 
land Whale),  and  the  />/rr£?rfY^  Whales,  in  which  the  skin  is 
furrowed,  and  a  dorsal  fin  is  present  {as  in  the  so-called  Finner 
Whales  and  Hump-backed  Whales). 

The  BaJanida  are  of  little  geological  importance.  In  Plio- 
cene deposits  have  been  found  remains  referred  to  the  Rontuals ; 
and  bones  of  the  Whalebone  Whales  have  also  been  found 
ia  various  Post-Tertiary  accumulations.     It  is  probable,  like- 
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wise,  that  the  ear-bones  or  "  cetotolites  "  which  occur  in  Ae 
Red  Crag  (Pliocene)  are,  in  some  instances  at  any  rate,  refer- 
able to  members  of  tlie  Bahinidtz. 

Fam.  2.  Catodimtidit, — The  family  of  the  Catodoniiia.^  or 
PhysderidiEy  comprises  the  Sperm  Whales  or  Cachalots,  witb 
which  we  commence  the  series  of  the  Toothed  Whales  {Oim- 
toaii).  They  are  cliaracterised  by  the  fact  that  the  palate  b 
destitute  of  baleen  plates,  and  the  lower  jaw  possesses  a  scriei 
(about  fifty-four)  of  pointed  conical  teeth,  separated  by  inttr- 
vals,  and  sunlc  in  a  common  alveolar  groove,  which  is  only  im- 
perfectly divided  by  septa.  The  upper  jaw  is  also  in  realilj 
furnished  with  teeth — but,  with  a  single  partial  exccptfon,  tfaoe 
do  not  cut  the  gum. 

Remains  of  Cachalots  {Physder)  occur  in  the  Pliocene  vA 
Post-Tertiary  deposits,  and  their  existence  has  even  been  iD6- 
cated  in  the  Miocene  Tertiary.  They  are,  howe\-er,  of  no 
special  importance. 

Fam.  3.  DflphinidiS, — ^This  family  Includes  the  Dolphins, 
Porpoises,  and  Nanvhal,  and  is  characterised  by  usually  pos- 
sessing teeth  in  both  jaws  ;  the  teeth  being  numerous,  and 
conical  in  shape.  The  nostrils,  as  in  the  last  family,  are  uniied 
but  they  are  placed  further  back,  u|K>n  the  lop  of  the  head 
The  single  blow-hole  or  nostril  is  transverse  and  mostly  crcs- 
centic  or  lunate  in  shape.  The  head  is  by  no  means  so  dispro- 
portionately large  as  m  the  former  families,  usually  fonniqj 
about  one-seventh  of  the  entire  length  of  the  body. 


Fig.  348. 

The  genus  Ikiphhius,  comprising  the  common  Dolphiai 
appears  to  date  from  the  Miocene  Tertiary,  and  is  well  refTc 
scnted  in  deposits  of  Pliocene  age.  In  Miocene  strata 
occur  the  Delpliinoid  remains  which  have  been  referred  to 
genera  Sifreodi'fphis  and  Champsodciphis, 

Fam.  4.  RhynchocdL — This  family  is  allied  to  the  C* 
lots  or  Sperm  Whales,  and  includes  the  so-called  "Zip 
Whales."    The-y  are  distinguished  by  the  jx'ssession 
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pointed  snout  (the  "beak"  or  •'rostrum"),  single  blow-hole, 
and  small  dorsal  fin  ;  and  by  their  dentition.  The  upper  jaw 
is  edentulous,  any  teeth  which  may  be  prescot  not  cutting  the 
gum.  The  lower  jaw,  on  the  other  hand,  possesses  usually  a 
single  pair  of  teeth,  which  are  sometimes  tusk-like,  but  which 
in  other  cases  are  concealed  by  the  gum. 

The  rostrum  of  these  Cetaceans  is  of  great  density,  and  has 
often  been  preser\'ed  in  a  fossil  state,  usually  presenting  itself 
IS  a  bony  cylinder  or  elongated  cone,  generally  more  or  less 
vater-wom.  Upon  fossils  of  this  nature  have  been  founded 
the  genera  Choneziphius  and  BeUmtwziphius^  both  of  which 
occur  in  the  so-called  '*  Crags  "  (Pliocene).  Tlie  genus  Ziphius 
also  occurs  in  the  Crag,  but  unlike  the  preceding  it  is  repre- 
sented by  existing  species.  Besides  the  "  beaks,"  some  fossil 
teeth  have  been  found,  which  may  perhaps  be  referable  to  mem- 
bers of  this  family. 

Fam.  5.  /Uug/odontida. — The  members  of  this  family  differ 
from  all  existing  Odmtocdi  in  the  possession  of  molar  teeth  im- 
planted by  two  distinct  fangs,  The  Zeuglodonts  are  entirely 
extinct,  and  they  are  exclusively  confined  to  the  Eocene,  Mio- 
cene, and  Pliocene  periods.  The  chief  genera  are  Zcu^lodon 
and  Squaioilou. 

Zeugioihn  (fig.  349)  is  distinguished  by  its  elongated  snout, 
conical  incisors,  and  molar  teeth  with  triangular  serrated 
crowns,  implanted  in  the  jaw  by  two  roots.     Each  molar  looks 


'f^  yf^^ZtmgtfiJom  utmdei.    A,  Motar  tooth,  natuntl  mm  :  B.  Vertebra,  ndoced. 
From  the  Middle  Eooeae  of  North  America.    (After  LycU.) 


as  if  it  were  composed  of  two  separate  teeth  united  on  one  side 
by  their  crowns  ;  and  it  is  this  peculiarity  which  is  expressed 
by  the  generic  name.  The  species  of  Zxughdon  are  Eocene 
and  Miocene,   one   of  the  best  known  being  the  great  Z. 
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cdoUies  of  the  Middle  Eocene  (Jackson  Beds)  of  the  Ui 
Stales,  which  attained  a  length  of  seventy  feet. 

By  Professor  Huxley,  Zeuglodon  is  regarded  as  intermediate 
between  the  true  Cetaceans  and  tlie  Carnivorous  family  of  the 
Seals,  On  this  point,  this  eminent  naturalist  remarks :— "The 
skull  of  this  great  Eocene  sea-monster,  in  fact,  shoT»"s,  by  the 
narrow  and  prolonged  interorbital  region  ;  the  exlensiw  unioD 
of  the  parietal  bones  in  a  sagittal  suture  ;  the  vrell-developed 
nasal  bones  ;  the  distinct  and  large  incisors  implanted  in  pra- 
maxillary  bones,  which  lake  a  full  share  in  bounding  the  fore- 
part of  the  gape ;  the  two-fanged  molar  teeth  with  triangnlir 
and  serrated  crowns,  not  exceeding  five  on  each  side  in  adi 
jaw  ;  and  the  existence  of  a  deciduous  dentition, — its  dose  ^^ 
lation  with  the  Seals.  While,  on  the  other  hand,  the  productd 
rostral  form  of  the  snout,  the  long  symphysis,  and  the  low  cor- 
onary process  of  the  mandible,  are  approximations  to  the 
Cetacean  form  of  those  parts." 

The  genus  Stjuahdori  is  nearly  related  to  Zatgfodany  but  the 
teeth  are  more  numerous  ;  and  the  double-faoged  molars  art 
more  compressed  and  pyramidal  in  form.  "The  nasal  booa 
are  very  short,  and  the  upper  surface  of  the  rostrum  prcsentl 
the  groove,  filled  up  during  life  by  the  prolongation  of  the  ctb* 
moitlal  cartilage,  which  is  so  characteristic  of  the  majority  of 
Cetaceans"  (Huxley).  The  species  of  Squalodon  all  bdo8{ 
to  the  Miocene  and  Pliocene  Tcrtiai)'. 

The  genus  Saurocd^s  has  been  founded  for  the  reception  of 
another  Zeuglodont,  in  which  there  were  doublc-ianged  teeth 
with  conoid  croftTis.  The  remains  on  which  this  genus  arc 
based,  are  from  strata  of  Tertiary  age,  near  Buenos  Ayres,  ami 
they  indicate  an  animal  much  smaller  than  the  true  7xu^bda^ 

Lastly,  it  would  ajipear  probable  that  the  genus  Baiicmdii^ 
founded  upon  teeth  from  the  Red  Crag  (Pliocene),  is  really  ifr 
ferable  to  this  family,  and  probably  to  the  genus  S^ual$d*n. 
In  part,  however,  teeth  of  Ziphioid  Whales  have  also  been  in- 
cluded under  this  title.  By  Owen  Balanodon  is  regarded  as 
comprising  teeth  of  a  Cetacean  nearly  allied  to  the  livii^ 
Sperm  'WTiale. 
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CHAPTER   XXXVIII. 
ORDERS  OF  MAMMAUA— Continued, 


ER  VI.  Ungulata. — The  order  of  the  Uttgtilata,  or 
iHoofed  Quadrupeds,  is  one  of  the  largest  and  most  important 
of  all  the  divisions  of  the  Mammaiia.  It  comprises  three 
lentire  old  orders — namely,  the  Fachydermafa,  SolidunguJa^  and 
\Muminaiitia. 

The  first  of  these  old  divisions — that  of  the  Pachydcnnata — 
.included  the  Elephants,  Rhinoceros,  Hippopotamus,  Tajiirs, 
nnd  the  Pigs,  all  characterised,  as  the  name  implies,  by  their 
[thick  integuments.  The  name  is  still  used  to  express  this  fact, 
j'diough  the  order  is  now  abandoned^  and  is  merged  with  that 
lof  the  Uttgitiata ;  the  Eldi>hants  alone  being  removed  to  a 
jseparate  or<ler  under  the  name  oi  Prohoscidea. 
I  The  second  old  order — that  of  the  Solidtmguia  or  Solipedes 
— included  the  Horse,  Zebra,  and  Ass,  all  characterised  by  the 
'  fact  that  the  f^ot  terminates  in  a  single  toe,  encased  in  an 
I  expanded  hcK)f.  The  name  SoUdtmgiila  is  still  retained  for 
these  animals,  as  a  section  of  the  Ungulata, 

The  tliird  old  order — that  of  the  RumviaTiiia — includes  all 
those  animals,  such  as  Oxen,  Sheep,  Goats,  Camels,  Giraffes, 
Deer,  and  others,  which  chew  the  cud  or  "ruminate,"  and  have 
two  functional  toes  to  each  foot,  encased  in  hoofs.  The  name 
Rummantia  is  still  retained  for  these  animals,  as  constituting 
a  most  natural  group  of  the  Ungulata. 

All  these  various  animals,  then,  are  now  grouped  together 
into  the  single  order  of  the  Ungtslata^  or  Hoofed  Quadrupeds, 
and  the  following  are  the  characters  of  the  order : — 

All  the  four  limbs  are  present,  and  that  portion  of  the  toe 
which  touches  the  ground  is  always  encased  in  a  gready-ex- 
panded  nail,  constituting  a  "hoof."  There  are  never  more 
than  Jour  full-sized  toes  to  each  hmb.  Owing  to  the  encase- 
ment of  the  toes  in  hoofs,  the  limbs  arc  useless  for  prehension, 
and  only  subserve  locomotion  \  hence  clavicles  are  always  want- 
ing in  the  entire  order.  There  are  always  two  sets  of  enamelled 
teeth,  so  that  the  animal  is  diphyodont  The  molar  teeth  are 
massive  and  have  broad  crowns,  adapted  for  grinding  vegetable 
substances. 

The  order  Ungulata  is  divided  into  two  primary  sections  : — 
the  Perissodadyla,  in  which  the  toes  or  hoofs  are  odd  in  num- 
ber (one  or  three),  and  the  Artiodaefyia^  in  which  the  toes  are 
even  in  number  (two  or  four). 
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Section  A.  Perissodactyla. — The  section  of  the 

daciyU  Ungulates  includes  the  Rhinoceros,  the  Tapin, 
Horse  and  its  allies,  and  some  extinct  fonns,  all  agreeiiit 
the  following  characters : — 

The  hind-feet  are  odd-toed  in  all,  and  the  for^fwt  ta 
except  the  Tapirs.     The  dorso-himbar  vertebne  are  new! 
than  twenty-two  in  number.     The  femur  has  a  third  troc 
The  horns,  if  present,  are  not  paired.     Usually  there  » 
one  horn,  but  if  there  are  two,  these  are  placed  in  them 
line  of  the  head,  one  behind  the  other.     In  neither  a« 
the  horns  ever  supported  by  bony  horn-cores.     The 
is  simple,  and  is  not  divided  into  several  compartmenBj 
there  is  a  large  and  capacious  cfficum. 

The  three  existing  genera  of  Perissodactylc  Un, 
namely,  the  Horse,  Tapir,  and  Rhinoceros,  are  widely 
from  one  another  in  many  important  characters;  but 
vals  between  them  are  filled  up  by  an  extensive  series  of 
forms,  commencing  in  the  Lower  Tertiary  Strata. 

Fam.  I.  Hhinourida. — This  family  comprises  only* 
genus,  the  genus  Rhinoceros.  The  Rhinoceroses  are  exti 
large  anti  bulky  bn\tes,  having  a  very  thick  sidn,  w': 
usually  thrown  into  deep  folds.    The  muzzle  is  rouDdniJfli 

blunt,  and  there  are  molars,   with    tuberculate  cio«* 

7—7  .  ^^ 

There  are  no  canines^  but  there  are  usually  incisor  teeth  \n  wn 
jaws.     Tiie  skull  is  pyramidal,  and  the  nasal  bones  sr: -r 
mously  developed.     The  feet  are  furnished  with  three  t' ' 
encased  in  hoofs.     The  nasal  bones  usually  support  on 
horns,  which  are  not  paired.     The  horn  is  composed  u. .-  - 
tudinal  fibres,  which  are  agglutinated  together,  and  arcof  tfct 
nature  of  epi<iermic  growths,  somewhat   analogous  lo  luijt 
When  two  horns  are  present,  the  hinder  one  is  carried  by  lie 
frontal  bones,  and  is  placed  in  the  middle  line  of  the  had 
behind  the  anterior  horn.     The  posterior  horn  is  usually  myA 
shorter  than  the  anterior  one,  and  if  not,  it  differs  in  shipt 
The  Rhinoceroses  live  in  marshy  places,  and  subsist  chiefly  oa 
the  foliage  of  trees.     They  are  exclusively  confined  at  the  pre- 
sent day  to  the  warmer  parts  of  the  Old  World  ;  bufln  cxtioU 
species  (Rhinoceros  tichorhinus)  formerly  inhabited  Engbol 
and  ranged  over  the  greater  part  of  Euro]>e. 

The  fossil  species  of  Rhinoceros  are  numerous,  commendu 
in  the  Miocene  Tertiary,  and  ranging  through  the  Plioca 
and  Post-Pliocene  deposits.  The  species  of  Rhinoceros 
be  divided  into  groups,  as  follows : — 

z.  Those  m  \»\\vc\\  \\ve.  Tio^Vv\s,  ^\^  ^ift.T^-iia.t.ed  by  a  bony  Mf 
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'*  cloison  "),  and  the  incisor  teeth  are  wanting  in  the  adult 

r/iorhmtis). 

Those  in  which  there  is  no  bony  partition  between  the 

s,  and  the  incisors  are  of  medium  size  (Rhinoceros  mega- 

Those  in  which  there  is  no  "  cloison,"  and  the  incisors 
large  size  (Rhinoceros  iftcistvits). 

rhose  in  which  there  is  an  imperfect  bony  partition  ba- 
the nostrils  (Rhinoceros  Etntscus  and  R.  hemiicechus). 
i  most  important  extinct  forms  of  the  genus  Rhinoceros 
ie  R.  tichorhinus,  R.  megarhinus,  R.  hemiicechus  (  -■  R. 
kifiuSi  Owen),  R.  Etrusats^  and  the  hornless  species  con- 
tog  the  sub-genus  Acerotherium. 

5  Rhinoceros  tichorhinus  is  generally  known  as  the 
>lly  Rhinoceros,"  from  its  possession  of  a  woolly  cover- 
Its  skin  was  foldless,  and  it  possessed  two  horns,  of 
the  anterior  one  was  very  large.  The  limbs  are  cx- 
ly  stout,  and  the  nostrils  are  completely  separated  by  an 
L3S  septum.  R.  tichorhintts  is  essentially  a  northeni  form, 
as  the  same  distribution  in  space  as  the  Mammoth,  except 
it  did  not  cross  Behring  Straits,  and  is  therefore  not 
,  in  America.  In  //w,  it  is  younger  than  the  ^Tamnloth, 
ring  found  in  the  prae-glacial  forest-bed  of  Norfolk,  and 
ring  for  the  first  time  in  the  Lower  Brick-earths  of  the 
ics  valley  (pr^-glacial,  but  younger  than  the  '^forest- 
).  It  is,  therefore,  essentially  a  Post-glacial  Mammal, 
:  is  mainly  foimd  in  quaternary  cave-deposits  and  valley- 
Is.  A  molar  tooth  of  this  well-known  form  is  figured 
'(fig-  354 


!(.  350.— Pcnuliim.iic  m-jlarof  the 
:r  JMW  of  Rhinocrret  mt^nrhinut, 
■ttunls  of  the  natural  size.     Pc>»t- 


Flg.  ^51.  — I'ciiukimJic  molar  of  ihc 
tower  Jaw  o(  Khiucurrfit  tiikorhtHut, 
twu-lhinisof  the  oaturaJ  tizc.  Post- 
Pltocene. 


» Rhinoceros  heniitachus  of  Falconer  (  =  the  R.  ieptorhimts 
ren)  is  also  provided  with  two  horns,  but  is  of  a  mucK 
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more  slender  build    than    the  Tichorhine  fcmn.    The 
bones  are  slender,  and  the  nostrils  are  sejxinited  by  a 
ossi6ed  septum.     The  adult  animal  possesses  neither 
nor  canine  teeth.     Like  the  preceding,  Ji.  hemiia^JiMs  is 
clusively  Post-Pliocene  in  its   distribution,  and   is  found 
cave-deposits  and  in  the  Thames-valley  Brick-earths. 

The  Rhitwccros  mcgarhhms  of  Chrislol  (  =  the  R.  l(^^ 
of  Cuvier  and  Falconer)  is  also  bicom,  and  resembles  R. 
tiuhus  in  being  of  comi^aratively  slender   build.    It  is  > 
tinguislied,   however,   by  the  enormous   development  of 
nasal  bones  and  the  absence  of  the  *'  cloison  "  or  bony 
tion  between  the  nostrils.     This  form  (fig.  350)  is  found 
Pliocene  beds  of  Italy  and  France,  and  also  occurs  m 
pne-glacial  forest-bed  of  Cromer  and  the  Lower  Brick-* 
of  the  Thames  valley. 

Rhinoceros  FJruscus  is  also  bicom,  and  has  the  nostrils 
tially  separated  by  a  **  demi-cloison  "  or  incomplete  bony] 
tition,  which  "strengthened  the  basement  of  the  anterior  horn' 
This  species  is  found  in  deposits  of  Pliocene  age,  and  ocno] 
also  in  the  Post-Pliocene  (as  in  the  Cromer  forest-bed). 

In  the  Miocene  period  occur  various  remains  of  hor 
species  of  Rhinoceros,  which  have  often  been  united 
separate  genus,  or  sub-genus,  under  the  name  of  At 
Some  of  these  forms  have  all   the  feet  three-toed,  and 
constitute  the  Rhinoceros  incish'us  of   Cuvier.     Tlie 
species  of  Accroth^um^  on  the  other  hand,  are  stated  r 
■ftnth  the  living  Tapirs  in  having  the  fore-feet  four-tocJ. 

Fam.  2.  Tapirida. —^\\^  Tapirs  are  characterised  by 
possession  of  a  short  movable  proboscis  or  trunk.    Thci 
is  pyramidal,  and  the  nasal  bones  project  over  the  nasal) 
The  skin  is  hairy  and  very  thick.     The  tiil  is  extremdr 
The  fore-feet  have/t^wr  toes  each,  but  these  are  utisymnvc 
and  the  hind-feet  have  only  three  toes,  all  encased  in 

The  jaws  are  furnished  with  incisor  teeth,  ( ),smilli 

7 7  3 — J 

knes,  and  g^^  molars. 

The  genus  Tapirus^  including  the  existing  Tapirs,  a 
the  first  time  in  deposits  of  Miocene  age,  and  is  rep: 
by  various  species  in  Pliocene  and  Post-Pliocene  strati 
genus  Lophiodon  comprises  Tapiroid    Ungulates,  which 
essentially,  if  not  exclusively,  of  Miocene  age.    They 
from  the  Tapirs  almost  solely  in  the  characters  of  some 
molar  and  premolar  teeth.     Lastly,  the  genus  Cor) 
likewise  neatly  related  to  the  Tapirs,  is  found  cxdui» 
the  Eocene  Tet>:v3LT>[. 


xdu&    fl 
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Fam.  3.  Palaoihcrida. — This  family  includes   certain  ex- 

Kt  Ungulates  from  the  Eocene  and  Miocene  Tertiary.  They 
characterised  by  the  possession  of  three  toes  to  all  the  feet, 
having  canines,  and  by  the  fact  that  the  lower  molars  have 

doubly  crescentic  form.     The  canines  are  longer  than  the 

icr  teeth,  and  the  dental  formula  is — 


_.3- 


3—3 


1- 


pm 


m 


3^3 
3—3 


=  44- 


The  chief,  if  not  the  only,  genus  in  this  family  is  Pahroiherium 
:lf.     Several  species  of  this  genus  are  known,  varying  in  size 

hh  a  sheep  up  to  a  horse.  From  the  si^e  and  form  of  the 
bones,  it  is  deduced,  with  great  probability,  that  the  Palae- 
icre  possessed  a  short  movable  proboscis  or  trunk  (fig.  352). 


35a.— Oatliae  <X  pAiteothtrimm  magHmm^  rutond.  after  Cuvier.    Upper  Eucettc 


the  known  species  of  Paltzoiherium  are  Eocene  or  Miocene, 

id  the  genus  attained  its  maximum  in  the  former  period. 

Fam,  4-  Soiidunga/a  or  Eqnida, — This  family  comprises  the 

:orses,  Asses,  and  Zebras,  characterised  by  the  fact  that  the 

have  only  a  single  perfect  toe  each,  enclosed  in  a  single 

id  hoof.     There  is  a  discontinuous  series  of  teeth  in  each 

iw;  and  in  the  males,  canines  are  present,  but  these  are 

iting  in  the  females.     The  dental  formula  is — 


I 


3—3 


=  40. 


-3—3        1— I       .     3—3 

t ;  c ;  pm ;  m 

I— I        I— I  3—3        3—3 

The  skin  is  covered  with  hair,  and  the  neck  is  furnislied  with 
mane. 


A 
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Three  fossil  genera  of  this  family  are  known— viz^  4t 
ihfrium^  Hipparion^  and  Eqmts^  the  last  of  which  is 
at  the  present  day  by  the  existing  Horses,  Asses,  and  lA 

Ancltithtrium  comprises  some  singular  fonns  from  il«  U[ 
Eocene  and  Lower  Miocene.     In  this  genus  each  foot  ts 
nished  with  a  single  functional  hoofed  toe,  flanked  by 
small  hoofed  digits,  which  arc  sufficiently  developed  to 
the  ground.     Anchitfierium  is  nearly  related  to  Paladk 

Hipparion  is  confined  to  the  Upper  Miocene  and  Pli< 
deposits,  and  is  distinguished  by  the  fact  that  each  foot 
sesscd  a  single  fully-developed  toe.  bordered  by  two  func 
ally  useless  toes,  wl\ich  did  not  touch  the  ground,  bui&ii 
dangled  on  each  side  of  the  central  toe. 

In  the  genus  Equus,  the  foot  consists  of  a  single  de 
toe,  but  there  are  two  rudimentary  toes  in  the  fomi  of 
bony  spines — the  so-called  '*  splint-bones  " — which  are  altichcd ' 
to  the  carpus  on  either  side  of  the  metacarpal  of  the  sin^l 
functional  toe.  In  the  Pliocene  period  appear,  for  the  fiotj 
time,  remains  of  horses  which,  like  the  present  form,  possesirf] 
only  a  single  toe  encased  in  a  single  hoof.  It  is  intcrt 
observe  that  one  of  the  Pliocene  horses  (E^uus  i 
occurs  in  South  America,  though  this  continent  certaimy  jhv 
sessed  no  native  horse  at  the  time  of  its  discovery  by  tl*] 
Spaniards.  About  twenty  horses — one  of  them  standing  hI 
more  than  two  and  a  half  feet  in  height — have  been  desaiWl 
from  North  America,  in  which  continent  no  indigenous  hancj 
existed  at  the  time  of  its  discovery.  The  Equus  fossiiis  of  I 
Post-Pliocene  and  Recent  deposits  is  specifically  undistinj 
able  from  the  common  horse  {Eqtms  cabaiius). 

Section  B.  Artiodactvla. — In  this  section  of  the  Ui 
lates  the  number  of  the  toes  is  even — either  two  or  four- 
the  third  toe  in  each  foot  forms  a  symmetrical  pair  with 
fourth.  The  dorso-lumbar  vertebne  are  nineteen  in  numbdi' 
and  there  is  no  third  trochanter  on  the  femur.  If  true  horM 
are  present,  these  are  always  in  pairs,  and  are  supported  by 
bony  hom-cores.  The  antlers  of  the  Oeer  are  also  paired  btt 
they  are  not  to  be  regarded  as  true  horns.  The  stomadi  is 
always  more  or  less  complex,  or  is  divided  into  separate  coo- 
parrmcnts,  and  the  cjecnm  is  comparatively  small  and  simplt 

The  section  Ariiodactyla  comprises  the  Hippopotamus,  the 
Pigs,  and  the  whole  group  of  the  Ruminants,  including  Oio^i 
Sheep,  Goats,  Antelopes,  Camels,  Llamas,  Giraffes,  Deer,; 
Besides  these  there  is  an  extensive  series  of  fossil  forms 
mencing  in  the  Eocene  or  Lower  Tertiary  period,  and  in 
respects  filling  up  the  gaps  between  the  living  forms. 
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■J  of  the  Artiodactyle  Ungulates  may  be  divided 
:tions  termed  respectively  Omfihora  and  Kumi- 
ding  as  they  live  upon  a  miscellaneous  (but  chiefly 
et,  or  are  exclusively  vegetable-feeders  and  chew 
1  the  former  are  the  living  families  of  the  Hippo- 
d  Suida  (Swine),  with  the  extinct  gfoup  of  the 
z.  In  the  latter  arc  the  CamelidcE^  Moschidis 
Cenida  (Deer),  CameiopardniidcE  (Giraffes),  and 
Vntelopes,  Sheep,  Goats,  and  Oxen). 


emely  large,    -  - ,  and  the  molars, 


CMNIVORA. 

olamida. — This  group  contains  only  the  single 
i*otamus^  characterised  by  the  massive  heavy  body, 
unt  muzzle,  the  large  head,  and  the  presence  of 

«  kinds  in  both  jaws.    The  incisors  are »  the 

7—7       6 — 6 
' — -  or  — — - 
I — I  7 — 7       6 — 6* 

adapted  for  grinding  vegetable  substances.     The 

:s  arc  short,  but  the  lower  canines  are  in  the  form 

;  tuskSf  with  a  chisel-shaped  edge.     The  feet  are 

I  are  terminated  by  four  hoofed  toes  each.     The 

rs  are  small,  and  the  skin  is  extremely  thick,  and 

with  few  hairs.     The  tail  is  very  short 

xtinct   species  of  Hippopotamus   arc   known,  but 

yone  wetl-established   living  form,  the  Hippopo- 

ibius  or  River-horse,  and  this  is  confined  to  the 

inent. 

IS  Hippopotatuus  may  be   divided   into  two  sub- 

cordance  with  the  number  _ 

r  teeth.    In  the  sub-genus 

1,  comprising   the   living 

most  of  the  fossil  forms, 

r  incisors  in  each  jaw.    In 

is  Hcxaprotodon^  compris- 

Miocene    species    from 

are  six  incisors  in  each 


-known  fossil  species  of 

IS  in   Europe   is  the  H. 

I  is  found  both  in  Pliocene 

-Tertiary  deposits.     This 

ry  nearly  allied  to  the  living  H.  amphibius;  but  it 

range  over  the  whole  of  the  south  of  Europe. 


Fig-  353. — Molar  loirth  of //r>- 
pcjKftnmu%t  tw<>-third«  of  toc 
natural  uze.    Pott- Pliocene. 
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In  the  Tertiary  deposits  of  the  Siwalik  Hills  io  India 
cene)  have  been  discovered  several  species  of  Hippo[ 
belonging  to  the  suh-generic  type,  Hexaprotodon. 

2.  Suida. — The  group  of  the  Suida,  comprising  the 
Hogs,  and  Peccaries,  is  very  closely  allied  to  the  pr< 
but  the  feet'  have  only  two  functional  toes,  the  other  tiro 
being  much  shorter,  and  hardly  touching  the  ground.    All 
three  kinds  of  teeth  are  present,  but  they  var)*  a  good 
The  canines  always  are  ver)'  large,  and  in  the  rnales  tbcrd 
ally  constitute  formidable  tusks  projecting  from  the  sido] 
the  mouth.     The  incisors  are  variable,  but  the  lower  oncsi 
always   inclined   forwards.     The  niolais  var>'  from  ihrte 


seven  on  each  side  of  the  mouth  ( 


^Z^or^-^}. 


The 


■3—3       7—7 
ach  is  mostly  slightly  divided,  and  is  not  nearly  so  coraplaj 
in  the  Ruminants.     The  snout  is  truncated  and  q'lii 
fitted  for  turning  up  the  ground,  and  is  capable  of  cc 
able  movement.    The  skin  is  more  or  less  abundantly  c< 
with  hair,  and  the  tail  is  very  short,  or  represented  only 
tubercle. 

The  most  important  genera  of  the  Suit/a  are  Sus(] 
DicotyUs  (Peccaries),  Chwropotamus^  Hyopotamus,  and  At 
cotheritim,  of  which  the  three  last  are  extinct. 

The  genus  Sus^  comprising  the  true  Pigs,  appears  to' 
commenced  its  existence  in  the  Miocene  Tertiary. 
species  are   knovvTi  from   Pliocene   deposits ;   and  the 
Boar  {Sus  scrofn)  has  been  found  in  Post-Pliocene  accui 
tions  (commencing  in  the  prae-glacial  forest-bed  of  NorfolV). 

The  genus  DicotyUs,  comprising  the  existing  PeccaheSr: 
at  present  confined  to  the  American  continent.  The 
country  also  has  yielded  five  fossil  species,  which  have 
found  in  the  bone-caves  of  Brazil,  and  two  of  which  appear  1 
have  been  much  larger  than  the  living  forms. 

ChiEropotamus  comprises  some  Upper  Eocene  Suida^  wl 
possess  seven  molars  on  each  side  of  each  jaw,  the  first^j 
tliese  (pnemolars)  being   compressed,  whilst  the  olhen 
tuberculate.     The  canines  are  short,  and  are  not  exserttd,) 
they  are  in  the  Wild  Boar.     Hyopotamus  is  another  genu^-j 
which  the  canines  are  short     AH  the  species  of  this 
geims  belong  to  the  Upper  Eocene  and  Lower  >tiocene 
tiary.     Lastly,  the  genus  Anthracoiherium  is  nearly  alliedj 
Chmropotamus^  with  which  it  agrees  in  the  number  and  ge 
form  of  the  praemolar  and  molar  teeth.     All  the  known  spedei 
of  this  genus  belong  to  the  I^^wer  Miocene. 

3.  Anoplotherida, — Forming  a  kind  of  transition  bet 
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Svrine  and  the  true  Ruminants,  is  the  extinct  group  of  the 
Qjloiheridiey  from  the  Lower  Tertiary  Rocks.  The  Anoplo- 
v<?  (fig.  354)  were  slender  in  fomi,  with  long  tails,  and  feet 
ninated  by  two  hoofed  toes  each,  sometimes  with  small 
essory  hoofs.  The  dentition  consisted  of  six  mcisors  in 
h  jaw,  small  canines  not  larger  than  the  incisors,  and  seven 
ars  on  each  side,  there  being  no  interval  or  diastema  be- 
en the  molars  and  the  canines. 


^W*  i^^—AH^fi^thtrinm  t^mmnnt.    Eocene  Tertiary 


There  was  thus  a  continuous  series  ot  teeth  in  each  jaw,  the 
ital  fonnula  being — 

3—3        I— I  4—4  3—3 

iTie  most  important  genera  of  this  family  are  Anophther'tum 
i  Xiphodon  of  the  Upper  Eocene,  Chalicothcrium  of  the 
ocene,  and  Dichobntuoi  the  Middle  Eocene;  but  many  less 
f>orLant  genera  are  known. 


^P  KliMINANTIA. 

The  last  section  of  the  ArtitxiactyU  Ungulates  is  the  great 
i  natural  group  of  the  Rummantia^  or  Ruminant  animals. 
»is  section  comprises  the  Oxen,  Sheep,  Antelopes,  Giraffes, 
•er,  CamelS]  &c.,  and  is  distinguished  by  the  following  char- 
ters:— 

T'be  foot  is  what  is  called  "cloven,"  consisting  of  a  symmet- 
a.1  pair  of  toes  encased  in  hoofs,  and  looking  as  if  produced 
the  splitting  into  two  equal  parts  of  a  single  hoof.  In  addi- 
t\  to  these  fimctional  toes,  there  are  usually  two  smaller  sup- 
Mnentary  hoofs  placed  at  the  back  of  the  foot.  The  mcta- 
"pal  bones  of  the  two  functional  toes  of  the  fore-limb,  and 
&  metatarsal  bones  of  the  same  toes  of  the  hind-limb,  coalesce 
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to  form  a  single  bone,  known  as  the  "canon-bone.'" 
stomach  is  complex,  and  is  divided  into  several  comparmcnsl 
this  being  in  accordance  with  their  mode  of  eating.    ThqrjlJ 
namely,  ruminate  or  "  chew  the  cud  " — thai  is  to  say,llieyf 
swallow  their  food  in  an  unmasticated  or  partialh*- 
condition,  and  then  bring  it  up  again,  after  a  longeron 
time,  in  order  to  chew  it  thoroughly. 

The  dentition  of  the  Ruminants  presents  peculiariticsj 
as  great  and  as  distinctive  as  those  to  be  derived  from  thei 
gestive  system.     In  the  typical  Ruminants  (f,g.f  Oxen, 
Antelopes),  there  are  no  incisor  teeth  in  the  upper  ja«,  lll^ 
place  being  taken  by  a  callous  pad  of  hardened  gum, 
which  the  lower  incisors  impinge  (fig.  355).     Thereaiej 


^'ig-  355'— Skul]  ora  hornless  Sheep  (after  Owen),    i  Inoson;  ( 
m  Molars  and  pncmolon. 

upper  canine  teeth,  and  the  only  teeth  in  the  npperjawaKi 
molars  on  each  side.     In  the  front  of  the  lower  j.ih*  is  a ' 
linuous  and  uninterrupted  series  of  eight  teeth,  of  wbich^ 
central  six  are  incisors,  and  the  two  outer  ones  are 
Owen  as  being  canines.    Upon  this  view,  canine  teeth 
sent  in  the  lower  jaw  of  the  tyi^ical  Ruminants,  and 
only  remarkable  for  being  placed  in  the  same  series  « 
cisors,  which  they  altogether  resemble  in  shape,  size.- 
tion.     Behind  this  continuous  series  of  eight  teeth  ' 
jaw  there  is  a  vacant  space,  which  is  followed  bi 
molars  on  each  side. 
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dental  formula,  then,  for  a  typical  Ruminant  animal  is — 


partures  from  this  typical  formula  occur  in  the  Camelida^ 

^schida^  and  in  some  of  the  Deer.     Most  of  the  Deer  con- 

^Ti  their  dentition  to  the  above  formula,  but  a  few  forms 

ee  Muntjak)  have  canine  teeth  in  the  upper  jaw.  These 
mines,  however,  are  mostly  confined  to  the  males ;  and 
^  occur  in  the  females,  they  are  of  a  small  size.  The 
ion  of  the  Cameiidm  {Camels  and  Llamas)  is  still  more 
Mit;  there  being  two  canine-like  upper  incisors  and  upper 
bs  as  well  The  lower  canines  also  are  more  pointed  and 
i  more  erect  than  the  lower  incisors,  so  that  they  are  easily 
disable. 

fe  group  of  the  Ritminantia  includes  the  families  of  the 
^idtz  (Camels  and  Llamas),  the  yJ/i^jr^/V/*?  (Musk-deer),  the 
^  (Deer), the  CamclopcirdaUdiz{fy\xdi^€)j2Sifl  the  Caviccr- 
E)xen,  Sheep,  Goats,  Antelopes). 

'CanuUda. — The  Camels  and  Llamas  constitute  in  many 

bis  an  aberrant  group  of  the  Rumifianiia,  especially  in 

dentition,  the  peculiarities  of  which  have  been  spoken  of 

S,  and  need  not  be  repeated  here.     In  their  feet,  too,  the 

ftrtte  are  peculiar.     The  feet  are  long  and  terminate  in 

o  toes,  which  are  covered  by  imperfect  nail-like  hoofs, 

g  no  more  than  the  upper  surface  of  each  toe.     The 

der  supplementary  toes,  which  are  mostly  present  in  the 

nts,  are  here  altogether  wanting  ;  and  the  soles  of  the 

covered  by  a  callous  horny  integument,  by  which  the 

bcs  of  each  foot  are  conjoined,  and  upon  which  the  ani- 

felks.     The  head  in  all  the  CamdidiE  is  destitute  of  horns, 

he  nostrils  can  be  closed  at  the  will  of  the  animal. 

ie  two  living  genera  of  the  Camelida  are  Cameius^  compris- 

|c  true  Camels,  and  Aucheitia^  comprising  the  Llamas  and 

rs  of  South  America.  Both  of  these  genera  are  repre- 
by  fossil  forms,  the  former  by  two  species  which  occur 
\  Tertiary  deposits  of  the  Siwalik  Hills,  in  India,  and  tlie 
|by  two  species  which  occur  in  the  bone-caves  of  Brazil, 
Kie  of  which  exceeded  the  horse  in  size, 
iides  these  existing  genera,  there  are  the  two  extinct  genera 
^hiriiim  and  Macrauchenia.  The  first  of  these  is  only 
p  by  some  molar  teeth,  which  have  been  discovered  in 
|dft  of  Siberia,  and  which  resemble  those  of  the  Camel  in 
I  Macrauchmia  is  a  remarkable  extinct  genus,  which  is  in 
respects  intermediate  between  the  Perissodactyle  and 
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Artiodactyle  Ungulates.     In  fact,  as  the  feel  appear  w  be i 
doubtedly  three-toed,  it  can  only  with  some  violence  be 
dered  here  as  belonging  to  the  Artiodactyles.    At  iii< 
time,  it  shows  many  remarkable  points  of  affinity  to  the 
iidce,  and  it  may  be  regarded  as  a  generalised  type,  frt 
resemblances  on  the  one  hand  to  Pa/tEoihfrium,iiA^\ 
other  hand  to  the  Llamas  (Aii^heftia).     Only  a  single  spedaj 
known,  which  equals  the  Rhinoceros  in  size,  and  occmf 
Post-Tertiary  or  late  Tertiary  strata  in  South  America. 

if.  Moschidie. — The  second  group  is  that  of  the  Masb 
chiiracterised  by  the  total  absence  of  horns  in  both  sexes,! 
by  the  presence  of  canines  in  both  jaws,  those  in  theuppffjj 
being  in  the  form  of  tusks  in  the  males,  but  being  much 
in  the  females. 

The  family  Moschida  is  a  small  one,  and  is  of  little; 
cal  importance.     A   species  of  Moschus,  allied  to  the 
Musk-deer,  has  been  found  in  India,  and  another  fornjlusl 
indicated  as  occurring  in  the  later  Tertiary  deposits  of! 
The  genus  Amphitragitlus  has  been  founded  upon  remaaisl 
the  Lower  Miocene  of  France  ;  and  the  nearly-allied 
tJtcrium  has  been  discovered  in  the  Miocene  deposits  of  Fr 
and  Attica. 

c.  Ceri'ida. — This  family  is  of  much  greater  importawej 
that  of  the  Moschida,  including  as  it  does  all  the  tnjc 
They  are  distinguished  from  the  other  Ruminants  chi« 
the  nature  of  the  horns.      With  the  single  exception  of  j 
Reindeer,  these  appendages  are  confined  to  the  males 
the  Cen*id<E,  and  do  not  occur  in  the  females,     Thcvdo( 
consist,  as  in  the  succeeding  group,  of  a  hollow  sbi 
surrounding  a  central  bony  core,  nor  are  they 
tained  by  the  animal.      On  the  other  hand,  the  hoi 
they  are  more  properly  called,  the  anticrs^  of  the  Cfr,^\ 
deciduous,  and  are  solid.     The}'  are  bony  ihroughoui,  ^ 
usually  more  or  less  branched,  and  they  are  annually  sheil 
annually  reproduced  at  the  breeding  season.     They  inc 
in  size  and  in  the  number  of  branches  every  time  thcfj 
reproduced,  until  in  the  old  males  they  may  attain  an  i 
mous  size. 

The  living  Cert'idte  are  \cry  generally  distributed 
member  of  the  group  has  hitherto  been  discovered  in' 
Australia  or  South  Africa,  their  place  in  the  latter 
seeming  to  be  taken  by  the  nearly-allied  Antelopes  (^ 
guished  by  their  hollow  horns). 

The  true  Ccrvidis  do  not  seem  to  make  their  appc 
before  ibe  M\octt\a  \it\\odi  va  which  they  are  represcn 
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extinct  genus  Dorcath^ium,  and  by  species  of  the  living 

Us  Census.     The  former  of  these  appears  to  have  been 

lished  with  upper  canines  ;   and  the  animal  had  antlers 

Jported  upon  bony  peduncles,  in  both  of  these  respects  re- 

ifcling  the  living  Muntjak  {Cervus  Alutttjak)  of  India. 

^he  number  of  known  fossil  Deer  is  very  considerable,  but 

ly  forms  arc  only  known  by  fragmentary  remains ;  and  it 

be  sufficient  here  to  speak  of  some  of  the  more  important 

niples. 


Fig.  356.— OfWKr  trntgacrm  {Afegaetpu  Hiitmims).    The 
Post- Pliocene 


Ifuh  Elk. 


The  true  Elks,  represented  by  the  living  Moose  (Aices  mcU- 
ir,  or  A.  paimatus)y  are  distinguished  by  their  antlers  with- 
"  either  basal  or  mesial  ^*  tines,"  but  terminated  by  a  ^|ccax 
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palmation  digitated  on  its  outer  side  only.  Antlers  of  j 
species  undistinguishable  from  the  existing  Moo$e  have  been 
found  not  uncommonly  in  Post-Pliocene  deposits  in  \-arioui 
parts  of  Europe,  but  this  animal  does  not  make  its  appcinxe 
till  after  the  close  of  the  Glacial  period. 

The  Reindeer  {Cennis  iarandus)  of  Northern  Europe  and 
North  America  is  remarkable  for  being  the  only  memba  oi 
the  Cervhiit  in  which  both  sexes  have  horns.  The  horns  art 
of  large  size,  cylindrical,  di\-ided,  with  basilar  and  mcdun 
tynes.  Remains  of  the  Reindeer  are  found,  often  in  con- 
siderable abundance,  in  various  Post- Pliocene  depo«iU  in 
Europe,  extending  as  (ar  south  as  the  Pyrenees. 

Intermediate  between  the  Reindeer  and  the  Fallow-d«i 
is  the  celebrated  Post-Pliocene  species,  which  is  commooly 
known  as  the  "Irish  Klk"  (Ccrt'us  megaceros^  or  Me^aam 
Hihcniicus).  This  extinct  form  (fig.  356)  is  remarkable  for  id 
great  size  and  for  the  enormous  dimensions  of  the  sprtadmj 
antlers,  which  arc  expanded  towards  their  extremities,  ud 
attain  an  expanse  of  as  much  as  ten  feet  from  tip  to  tip.  TV 
Ctrvus  megaccros  is  exclusively  Post-Tertiary,  but  docs  not 
appear,  so  far  as  is  known  with  certainty,  to  have  survived  iulo 
the  Prehistoric  period. 

The  true  Stags  (Ctnfus),  to  wliich  the  Irish  Elk  seems  pro- 
perly to  belong,  are  typified  by  such  species  as  the  Red  Dw 
(Ctn^us  eiaphus)  of  Europe,  and  the  Wapiti  (Ccrt'us  Canadtusis) 
of  North  America.  The  former  of  these  occurs  in  a  fa 
state  in  Post-Pliocene  and  Recent  deposits  in  Europe,  and 
latter  is  represented  in  accumulations  of  the  same  a^e 
America  by  a  closely-allied  or  identical  form. 

The  Roebuck  (Ccnms  caprwltis)^  distinguished  by  its 
branched  antlers,  \s'ith  a  median,  but  without  a  basilar,  tj-ne. 
is  also  known  in  a  fossil  condition  in  Post-Pliocene  deposD 
in  Europe,  appearing  before  the  commencement  of  the  GUdal 
period. 

The  Miocene  and  Pliocene  deposits,  lastly,  have  yiddcJ 
remains   of   Cerz'ida^   which   have   been   referred  to  various 
species ;  but  none  of  these  are  sufficiently  important  to 
especial  mention. 

d,   Cameiopardalida.  —  This  family  includes  only  a 
living  animal — the  Camehpardaiis  Giraffa^  or  Giraffe 
times  called  the  Camelopard,  from  the  fact  that  the  skin 
spotted  like  that  of  the  Leopard,  whilst  the  neck  is  long, 
gives  it  some  distant  resemblance  to  a  Camel.      There  are 
upper  canines  in  the  Giraffe,  and  both  sexes  possess  two 
frontal  horns,  which,  however,  are  persistent,  and  reioaiD 
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covered  by  a  hairy  skin,  terminated  by  a  tiift  of  long 
ttles.  The  neck  is  of  extraordinary  length,  but,  never- 
I  consists  of  no  more  than  the  normal  seven  cervical 
e.  The  forelegs  appear  to  be  ranch  longer  than  the 
[S,  and  all  are  terminated  by  two  toes  each,  the  supple- 
r  toes  being  altogether  wanting. 

1  species  of  Giraffe  have  been  discovered  in  the  Ter- 
iposits  of  the  Siwalik  Hills  in  India  and  in  the  Upper 
e  of  Attica ;  and  a  species  has  also  been  described 
»nce.  This  last,  however,  would  seem  to  be  referable 
jenus  Heliadotherium^  founded  for  the  reception  of  some 
r  fossils  from  the  Upper  Miocene  Tertiary  of  Attica, 
remarkable  genus  there  appear  to  have  been  no  horns, 
5  teeth  present  certain  resemblances  to  those  of  the 
)es. 

vUomia, — The  last  family  of  the  Ruminants  is  that  oi 
Ikomia  or  Botndte,  comprising  the  Oxen,  Sheep,  Goats, 
telopes.  This  family  includes  the  most  typical  Rumi- 
ind  those  of  most  importance  to  man.  The  upper  jaw 
le  Cai'iconna  is  wholly  destitute  of  incisors  and  canines, 
)e  of  which  is  taken  by  the  hardened  gum,  against  which 
er  incisors  bite.  There  are  six  incisors  and  two  canines 
awer  jaw,  placed  in  a  continuous  series,  and  the  molars 
irated  by  a  wide  gap  from  the  canines.  There  are  six 
an  each  side  of  each  jaw.  Both  sexes  have  horns,  or 
,cs  only  may  be  homed,  but  in  either  case  these  ap- 
ss  are  very  different  from  the  "  antlers"  of  the  Cervida. 
rrs,  namely,  are  persistent,  instead  of  being  deciduous, 
:h  consists  of  a  bony  process  of  the  frontaJ  bone — or 
ore" — covered  by  a  sheath  of  horn.  The  feet  are 
lit  are  furnished  with  accessory  hoofs  placed  on  the 
the  foot. 

'^vicornia  comprise  the  three  families  of  the  Antilopidm^ 
and  Bovidiz.  The  Antelopes  form  an  extremely  large 
with  very  many  species.  They  are  characterised  by 
nder  deer-like  form,  their  long  and  slender  legs,  and 
Bple,  cylindrical,  annulated,  or  twisted  homs,  which  are 
confined  to  the  males,  but  sometimes  occur  in  the 
as  well. 
above  definition  will  not  apply  in  all  points  to  some 

extinct  forms  usually  referred  to  the  Antilopidat^  nor 
Biberrant  existing  form — viz.,  the  Prong-buck  {Antihpe 

or  Antilocapra  Anuricana),  This  extraordinary  and 
tpecies  differs  from  the  typical  Antelopes  in  having  no 
y  hoofs,  in  having  homs  which  have  a  snag  in  front. 
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and  in  the  fact  that  the  outer  sheath  of  the  horn  ts  MSmo, 
and  not  permanent.  For  these  reasons,  it  has  been  propoted 
to  place  the  Prong-buck  in  a  separate  family  (the  Wfl/iAiAi/radEe); 
but  it  is  more  convenient  here  to  consider  it  as  anibtrraja 
member  of  the  Aniihpiiite. 

Several  species  of  Antelope  have  been  described  from  the 
Miocene  and  Pliocene  deposits  of  Kurope,  but  none  of  than 
are  of  any  special  importance.  Fossil  Antelopes  have  aIm 
been  discovered  in  the  bone-caves  of  Brazil,  though  no  man* 
ber  of  this  family  is  known  at  the  present  day  as  existing  is 
South  America.  By  far  the  most  remarkable  fossils,  hontvtt, 
which  have  been  generally  referred  to  the  AniUopida,  are  tho« 
on  which  the  genera  Sivatherium  and  Bramathcrium  ha«  beai 
founded. 

SiviUherium  (fig.  357)  is  known  by  the  single  species  5^ 
gigantatmy  discovered  by  Dr  Falconer  and  Sir  Proby  CautJcy 
in  Che  Tertiary  deposits  of  the  Siwalik  Hills  in  India.     The 


f^f-  ■XSH'—^'^ol Sivntfurium  cigaHUum.    Pliocene,  India.     (After  Murie.) 

most  important  peculiarity  in  Sivaihefium  is  the  stnicture  of 
the  horns,  of  which  the  animal  possessed  two  pairsw  Both 
pairs  of  horns  were  supported  by  bony  "  cores,"  so  thai  ll»crc 
can  be  no  hesitation  in  referring  Sivatherium  to  the  group  of 
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l^^vicorrtiii.  The  anterior  horns,  as  shown  by  the  shape 
^  horn-cores,  were  simple;  and  If  the  posterior  horns  liad 
of  a  similar  fonn,  then  Shni/tcnum  might  have  been 
''  regarded  as  merely  a  gigantic  four -horned  Antelope, 
Skj  to  the  living  AntUope  (Teiraccros)  quadruof'nis  of 
a.  The  posterior  horns,  however,  are  not  only  mtich 
ST"  than  the  anterior,  but  they  possess  two  snags  or 
i<::hes — a  peculiarity  not  to  be  paralleled  amongst  existing 
i^ernia^  except  in  the  Prong-buck.  Dr  Murie,  however,  in 
.<3mirable  paper  on  the  affinities  o(  Sivat/ieriumf  has  drawn 
lotion  to  the  fact  that  the  Prong-buck  sheds  the  sheath  of 
loms  annually,  and  has  suggested  that  this  may  have  also 
rx  the  case  with  the  extinct  form.  This  hypothesis  is  ren- 
5d  probable,  amongst  other  reasons,  by  the  fact  that  no 
tth  has  as  yet  been  discovered  surrounding  the  hom-cores 
ither  pair  of  horns  in  the  Sivalherium.  Upon  the  whole, 
rcfore,  the  above-mentioned  zoologist  would  refer  Siva- 
'ium  to  a  distinct  group  which  he  temis  Sivaihouiay  and 
Lrds  as  being  most  nearly  related  to  the  Aritihcapruia. 
'iramathcrium  has  been  found  in  deposits  of  the  same  age  as 
athrriitm^  with  which  it  agrees  in  its  colossal  dimensions 

its  possession  of  two  pairs  of  hollow  horns.  It  differs  from 
atherium^  however,  in  certain  details  of  minor  importance, 
rhe  Sheep  and  Goats  (Ovidte)  have  mostly  horns  in  both 
es,  and  the  horns  are  generally  curved,  compressed,  and 
led  more  or  less  backwards.  The  body  is  heavier,  and  the 
5  shorier  and  stouter,  tlian  in  the  true  Antelopes.  In  tJie 
i  Goats  (Capra)  both  sexes  have  horns,  and  there  are  no 
hrymal  sinuses.  The  true  Sheep  {Oris)  are  destitute  of  a 
ird,  and  tlie  horns  are  generally  twisted  into  a  spiral.  Horns 
y  be  present  in  both  sexes,  or  in  the  males  only. 
The  Sheep  and  Goats  are  of  no  imi>ortante  as  fossils,  unless, 
■ee<:l,  as  believed  by  high  authorities,  the  Musk-ox  should  be 
irred  to  the  Oindic.  Here,  however,  it  will  be  considered 
^longing  to  the  Bmndif..  Remains  of  both  Sheep  and  Goats 
e  been  discovered  in  various  Post-Tertiary  deposits  in 
'Ope,  but  they  present  nothing  of  special  interest. 
Tie  true  Oxen  {Bovida)  are  distinguished  by  having  simple 
Is,  of  a  rounded  shape,  not  twisted  into  a  spiral  A  few 
ains  of  Btn'ida  have  been  found  in  deposits  of  Pliocene 

but  the  Oxen  are  essentially  Post-Pliocene  and  Recent. 
;  most  important  Fossil  Oxen  are  the  Urus^  the  Aurochs, 
£os  longifrom  of  Owen,  and  the  Musk-ox. 
**he  Aurochs  or  Lithuanian  Bison  {Bos  bison)  can  hardly  be 
sidered  as  a  fossil  form,  as  it  occurs  in  a  living  state  in 
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Europe  at  the  present  day.     Remains,  however,  of  thiibip] 
ox  are  found  in  various  prehistoric  deposits. 

The  Bos  ion^frons  of  Owen,  or  **  Small  Short-honu"  k  in il 
similar  position   to   the   Aurochs.     According  to  Mr  Bi)fl| 
Davvkins,  this  form  (which  is  identical  with  the  Bcs  Jta 
of  Nilsson)  has  not  been  proved  to  occur  in  any  Post-PlJocfltl 
deposit,   though  it  occurs  plentifully  in  the  bone-cavts  oil 
alluvia  of  the  Recent  or  prehistoric  period.     It  is  beliwd^l 
the  same  high  authority  lliat  the  Bos  /oti^i/rons  is  iheaKdO] 
of  our  present  Welsh  or  Scotch  Cattle. 

The   Urus  or  Wild   Bull  (Bos  primtgenius),  thougli 
larger  than  our  ordinary  oxen,  is  believed  to  be  sf 
undistinguishable  from  the  domestic  Ox  {Bos  taunts), 
was  probably  the  parent  of  tlie  larger  \*arieties  of 


^-  358-— Skoll  of  the  Unu  {3m /rimigrmMi).     Post-PUocciw  iwd  JUcnt 

Oxen.  It  was  a  contemporary  of  the  Mammoth,  Wo 
Rhinoceros,  Cave  Lion,  Cave  Bear,  Irish  Elk,  and  other  P« 
Pliocene  Mammals,  and  it  was  in  existence  up  to  at  least  i 
twelfth  century. 

The  last  of  the  Oxen  which  descr>'es  notice  is  the  curt 
Musk-ox.  (Oi^i^os  rrwsc/idf us).  This  singular  animaJ  is  at  i 
present  day  a  native  of  Arctic  America,  and  is  remarkable 
the  great  length  of  the  hair.  It  is  called  the  Musk-ox,  be^ 
it  gives  out  a  musky  odour.  Like  the  Reindeer,  llie  Mi 
had  formerly  a  much  wider  geographical  range  than  it 
present — the  conditions  of  climate  which  arc  nece&sary 
existence  having  at  that  time  extended   over  a   very  — 


*  area  than  at  present.  The  Musknsx,  in  fact,  in  Post 
iry  times  is  knowTi  to  have  extended  over  the  greater  part 
rope,  remains  of  it  occurring  abundantly  in  certain  of  the 
caves  of  France.     As  already  mentioned,  high  authorities 

1  the  Musk-ox  as  being  truly  a  large  Sheep,  and  as  being, 
fore,  referable  to  the  Ovida. 

^H  CHAPTER    XXXIX. 

ORDERS  OF  MAAL\fAUA~C0HiiMue(i, 

Hyracoidea  and  Proboscieiea. 

IR  VII.  Hyracoidea. — This  is  a  very  small  order  which 
leen  constituted  by  Huxley  for  the  reception  of  two  or 

little  animals,  which  make  up  the  single  genus  Hyrax. 
e  have  been  usually  placed  in  the  immediate  neighbour- 

of  the  Rhinoceros,  to  which  they  have  some  decided 
ies,  and  they  are  still  retained  by  Owen  in  the  section  of 
erissodactyle  Ungulates. 

c  order  is  distinguished  by  the  following  characters: — 
;  are  no  canine  teeth,  and  the  incisors  of  the  upper  jaw 
ing  and  curved,  and  grow  from  permanent  pulps,  as  they 

the  Rodents  (such  as  the  Beaver,  Rat,  &c)  The  molar 
are  singularly  like  those  of  the  Rhinoceros.  According 
ixley,  the  dental  formula  of  the  aged  animal  is — 

2—2  O— O         ,       4—4  3—3 

3 — 2  '      o — o     ^     4 — 4        3 — ^3      ■' 

"ore-feet  are  tetradactylous,  the  hind-feet  tridactyJous,  and 

2  toes  have  rounded  hoof-like  nails,  with  the  exception  of 
ner  toes  of  the  hind-feet,  which  have  an  obliquely-curved 

There  are  no  davicles.     The  nose  and  ears  are  short, 
he  tail  is  represented  by  a  mere  tubercle, 
e  living  species  of  Hyrax  inhabit  Syria,  Palestine,  and 

Africa.  No  fossil  representative  of  the  order  has  as  yet 
discovered.  The  Hyraiofherium  of  the  Eocene  Tertiary, 
.■er,  received  its  name  from  its  supposed  affinities  to  the 

Hyrax. 

DER  VIII.  pROBOsciDEA. — The  eighth  order  of  Mammals 

.t  of  the  Proboscidean  comprising  no  other  living^  animals 
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except  the  Elephants,  but  including  also  the  extinct  M0sU4m 
and  Deinot her  turn. 

The  order  is  characterised  by  the  total  absence  of  CMine 
teeth  ;  the  molar  teeth  are  few  in  number,  large,  and  tram- 
versely  ridged  or  tuberciilatc ;  incisors  arc  always  prcscnL  axx) 
grow  from  persistent  pulps,  constituting  long  tusks  (fig.  J59). 


Fig.  359.— Skull  of  the  IiiJLii)  Elcphiuit  {EU/Jias  /m/t'cruX    iToik-Elce  upper  i 
Mr  Lower  jaw,  with  grinding  inulars,  but  without  inciuirt ;  »  Nostrils,  pUoeo  U  dit  a- 
Ircmit/  or  the  prolxAcis.  , 

In  all  the  Klephants  there  are  two  of  these  tusk-lilce  incisoni 
the  upper  jaw,  and  the  lower  jaw  is  without  incisor  teetlt 
the  Deinotherium  this  is  reversed,  there  being  two  tusk-iik* 
lower  incisors  and  no  upper  incisors.  In  the  Mastodons,  the 
incisors  are  usually  developed  in  the  upper  jaw,  and  form  tusks, 
as  in  the  Elephants  ;  hut  sometimes  there  are  both  upper[and 
lower  incisors,  and  both  are  tusk-like.  The  nose  is  prolongs' 
into  a  cylindrical  trunk,  movable  in  every  direction,  liighly 
sensitive,  and  terminating  in  a  finger-like  prehensile  lobe  (^ 
359).  The  nostrils  are  placed  at  the  extremity  of  the  prolioscjj. 
The  feet  are  furnished  with  five  toes  each,  but  these  are  only 
partially  indicated  externally  by  the  diWsions  of  the  hoof- 
feet  are  furnished  with  a  tliick  pad  of  integument,  forming 
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of  the  hand  and  the  soles  of  the  feet.  There  arc  no 
:=les.  The  testes  are  abdominal  throughout  life.  There 
wo  teats,  and  these  are  placed  upon  the  chest 
ic  order  Proboscidca  comprises  the  three  genera,  Eiephas 
\  both  living  and  extinct  representatives),  Afasiodon^  and 
^Hheritwi^  the  two  latter  being  extinct.  The  order  came 
existence  in  the  Miocene  period,  in  which  it  is  represented 
LI  these  three  genera.  The  genus  Eiephas  comprises  the 
g  Asiatic  and  Indian  Elephants.  In  ail  the  Elephants, 
tier  living  or  extinct,  the  "  tusks  "  are  formed  by  an  enor- 
5  development  of  the  upper  incisors.  The  milk-tusks  are 
"  shed,  and  never  attain  any  great  size.  The  pennanent 
5,  however,  grow  from  persistent  pulps,  attaining  in  old 
ts  an  enormous  size.  The  lower  incisors  are  absent,  and 
2  are  no  other  teeth  in  the  jaws  except  the  large  molars, 
rh  are  usually  two  in  number  on  each  side  of  each  jaw. 
molar  teeth  are  of  very  large  size,  and  are  composed  of 
imber  of  transverse  plates  of  enamel  united  together  by 
line.  In  the  Indian  Elephant  the  transverse  ridges  of 
nel  are  narrow  and  undulating,  whilst  in  the  African 
shant  they  enclose  lozenge-shaped  intervals. 
Tie  surfaces  of  the  molars  are  approximately  flat,  and  the 
cs  of  enamel  form  patterns  which  are  very  characteristic  of 


[f,  360.— Motnr  of  the  Mammoth  {F.Uf-has  primiemiusX  upper  ^w,  right  lide, 
hair  natural  size.     Po«-Plio<:tne.     n  Grinding  surface  ;  4  Side  view. 

different  species.  Subjoined  are  illustrations  of  the  molars 
firee  of  the  most  important  Post-Pliocene  Elephants  (figs. 
-362). 


444 


ORDERS  OF   MAMMALIA- 


No  Elephant  has  as  yet  been  discovered  in  the  M' 

deposits  of  Europe,  but  six  species  are  knoH-n  from  stnti  of 
this  age  in  India.  In  the  Pliocene  period,  Europe  possessed 
its  Elephants,  of  which  the  most  important  ts  the  Ei/pJm 
aniiquus  (fig.  362),  This  is  essentially  a  southern  form,  and 
is  found  in  Pliocene  strata  in  France  and  Italy.  It  sundx^ 
the  Glacial  period,  and  is  found  abundantly  in  various  I'lKt- 
Pliocene  deposits.  It  abounded  in  Post-Pliocene  times  chiedy 
in  Southern  Europe,  south  of  the  Alps  and  Pyrenees ;  and  it  ti 
only  on  the  northern  etlge  of  this  area  that  its  remains  aji 
found  commingled  with  those  of  the  Mammoth. 


Fig.  3O1. — Molar  toolh  of  Elcfkiu  tn^rtJtciuitiii,  une-third  of  nainnU  1 
Plioc«n«  and  Post-Pliocene.    (After  LyelU) 


Pvt-  369.— Molar  tooth  of  EUMttt  tmii^utu.     Fenultimatc  molar,  uBcHUria 
ttalural  rixc.     Post -Pliocene  aiid  Pliocene.    (After  Lyell.) 

Of  the  Post-Pliocene  Elephants  by  far  the  best-known  and 

most  important  is  the  Mammoth  {Eiephas primis^nius).  Thit 
remarkable  form  (fig.  363)  was  essentially  northern  in  its  div 
tribution,  never  passing  south  of  a  line  drawn  through  the 
Pyrenees,  the  Alps,  the  northern  shores  of  the  Caspian,  Lake 
Baikal,  Kamschatka,  and  the  Stanovi  Mountains  (Dawkinst 
It  occurs  in  the  pne-Glacial  forest-bed  of  Cromer  in  NoifolL 
survived  the  Glacial  period,  and  is  found  abundandy  in  Pa«- 
Glacial  deposits  in  France,  Germany,  Britain,  Russia  in  Europe 
Asia,  and  North  America,  being  often  associated  with  the  Rdn- 
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eCT,  Lemming,  and  Musk-ox.    That  it  survived  into  the  car- 
er portion  of  the  human  period  is  unquestionable,  its  remains 
been  found  in  a  great  number  of  instances  associated 


nth  implements  of  human  manulacture ;  whilst  in  one  instance 
.  recognisable  portrait  of  it  has  been  discovered,  carved  on 
►oncL  From  its  great  abundance  in  Siberia^  it  might  have  been 
afely  inferred  that  the  Mammoth  was  able  to  endure  a  much 
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colder  climate  than  either  of  the  living  species.     This  ii 
however,  has  been  rendered  a  certainty  by  the  dLwoveryofl 
body  of  more  than  one  Mammoth  embedded  in  the  troMn: 
of  Siberia.     These  specimens  had  been  so  perfectly  prescmi 
that  even  microscopical  sections  of  some  of  the  tissues 
be  made  ;  and  in  one  case  even   the  eyes  were  pi 
From  these  specimens,  we  know  that  the  body  of  the 
moth  was  covered  with  long  woolly  hair. 

Amongst  other  Elephants  which  occur  in  Post-PUocenc  i 
posits,  may  be  mentioned,  as  of  special   interest,  the 
Elephants  of  Malta,     One  of  these — ^the  KUphas  Mditt 
or  so-called   "  Donkey-Elephant " — was   not  more  than  foo 
and  a  half  feet  in  height.     The  other — -the  EUphas  Fa. 
of  Busk — was  still  smaller,  its  average  height  at  the  wilhcni 
exceeding  two  and  a  half  to  three  feeL 

The  Mastodons  in  most  respects  closely  resemble  theOK 
Elephants,  from  which  they  are  distinguished  by  their  dai» 
tion.  As  in  the  Elejjhants,  the  upper  incisors  grow  from  pff 
manent  pulps,  and  constitute  Jong  tusks ;  but  in  the  majontj 
of  cases  the  Mastodons  also  possess  lower  incisors  as 


Fig.  364. — Third  milk-icoUr  o£  the  left  lidc  of  tbc  upper  jaw  of  JSaittdm 
A  rvememsii,  thowlng  the  griiuUxifi  iturf&cc.     Pliooeoc    ( AAcr  LjnelL) 

The  two  lower  incisors,  however,  though  tusk-shaped, 
not  develop  themselves  to  any  extent,  and  often  disap[ 
in  adult  life.  A  more  important  distinction  between  the  I> 
phants  and  Mastodons  is  that  the  molar  teeth  of  the  latter '"' 
not  only  more  numerous,  but  have  the  peculiarity  that  I 
crowns  are  furnished  with  nipple-shaped  eminences  or  tuba 
placed  in  pairs  (fig.  364).  The  Mastodons  appear  to 
commenced  their  existence  in  the  Miocene  period,  bein 
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presented  Jn  strata  of  this  age  by  four  European  and  three 
Indian  species.  In  the  Pliocene  period,  also,  remains  of 
Afasiodon  are  not  infrequent ; 
and  in  North  America  the  great 
M.  Ohiotkus  occurs  plentifully  in 
deposits  of  Post-PHocene  age. 
i  The  last  of  the  Proboscidea  is 
Bhe  remarkable  Miocene  Mam- 
known  as  the  Deinethcrium^ 
hich  is  still  referred  by  soma 

ugh    authorities    to    the   order 

Sirenia. 

This  extraordinary  animal  has 

hitherto    only    been    found    in 

Miocene  deposits,  and  little  is 

Imown  of  it  except  its  enormous 

«kull    (fig.    365).      Molars    and 

P molars  were  present  in  each 
,  and  the  upper  jaw  was  des- 
titute of  canines  and  incisors. 
ver>'  large  tusk-like  incisors,  which  were  not  directed  forwards 
as  in  the  true  Elephants,  but  were  bent  abruptly  downwards 
(6g.  365).  The  animal  must  have  attained  an  enormous  size, 
and  it  is  probable  that  the  curved  tusks  were  used  either  in 
digging  up  roots  or  in  mooring  the  animal  to  the  banks  of 
rivers,  for  it  was  probably  aquatic  or  semi-aquatic  in  its  habits. 
Several  species  of  Dcinofhcrium  have  been  indicated  as 
occurring  in  Europe,  and  a  species  has  been  noticed  in  the 
Tertiary  deposits  of  the  Siwalik  Hills  by  Dr  Falconer  and  Sir 
Proby  Cautley. 


Fig.    365.— Skiill    of  PfinoikertHm 
gignmteutm.     Miuceoe  Tertiary. 

In  the  lower  jaw  were  two 


CHAPTER   XL. 

ORDERS  OF  MAMMAUA— Continued, 

Carnivora- 


Order  IX.  Carnivora. — The  ninth  order  of  Mammals  is  that 
of  the  Carnivora^  comprising  the  Fera^  or  Beasts  of  Prey,  along 
with  the  old  order  of  the  Pifinipediay  or  Seals  and  Walruses, 
these  latter  being  now  universally  regarded  as  merely  a  group 
of  the  Carnivora  modified  to  lead  an  aquatic  life. 
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The  Carnh'ora  are  distinguished  by  always  possessing  two 
sets  of  teetli,  which  are  simply  covered  by  enamel,  and  m 
always  of  three  kinds — incisors,  canines,  and  molais — diffo^ 
ing  from  one  another  in  shape  and  size.     The  indson  ajt 

generally  ^^  (except  in  some  Seals)  ;  the  canines  are  alirayi 

and  are  invariably  much  larger  and  Jonger  than  the  to- 
The  pnemolars  and  molars  are  mostly  furnished  widr 


1- 

cisors. 

cutting  or  trenchant  edges  j  but  they  graduate  from  a  cutting 
to  a  tiiberculate  form,  as  the  diet  is  strictly  carnivorous,  or 
becomes  more  or  less  miscellaneous.  In  the  typical  Carnivores 
(such  as  the  Lion  and  Tiger),  the  last  tooth  but  one  in  the 
upper  jaw,  and  the  last  tooth  in  the  lower  jaw,  ore  known  « 
the  *'  carnassial  "  teeth,  having  a  sharp  cutting  edge  adipted 
for  dividing  flesh,  and  generally  a  more  or  less  developed  tn- 
berrvilated  heel  or  process.  A  varying  number,  however,  of  the 
molars  and  pra;niolars  may  be  '*  tuberculale,"  their  aovns 
being  adapted  lor  bruising  rather  than  cutting.  As  a  general 
rule,  the  shorter  the  jaw,  and  the  fewer  the  prscmobrs  and 
molars,  the  more  carnivorous  is  the  animal.  The  jaws  are  io 
articulated  as  to  admit  of  vertical  but  not  of  horiiootal  ido>^ 
ments  ;  the  zj-gomatic  arches  are  greatly  developed  to  give 
room  for  the  powerful  muscles  of  the  jaws  ;  and  the  orbits  are 
not  separated  from  the  temporal  fossx. 

In  all  the  Carf/irora  the  clavicles  are  either  altogether W3 
ing,  or  are  quite  rudimentary.     The  toes  are  provided  wit 
sharp  curved  claws. 

The  order  Carnhora  is  divided  into  three  very  natural 
tions : — 

Seciion  /.  Pinni^ada  or  Pinnipedia. — This  section  comprises 
the  Seals  and  Walruses,  in  which  the  fore  and  hind  limbs  ire 
short,  and  are  expanded  into  broad,  webbed  swimming  jxidi 
(fig.  366,  B.)  The  hind-feet  arc  placed  very  far  back,  n< 
in  a  line  with  the  a.xis  of  the  body,  and  they  are  more  or 
tied  down  to  the  tail  by  the  integuments. 

Section  If.  Piatitipada. — This  section  comprises  the  Bean 
and  their  allies,  in  which  the  whole,  or  nearly  the  whole,  of  the 
foot  is  applied  to  the  ground,  so  that  the  animal  walks  upOD 
the  soles  of  the  feet  (fig.  366,  A.) 

Section  III.  Digiti^ada. — This  section  comprises  the  Lions, 
Tigers,  Cats,  Dogs,  &c.,  in  which  the  heel  of  the  foot  is  raised 
entirely  off  the  ground,  and  the  animal  walks  upon  the  tips  of 
the  toes  (fig.  366,  C.) 

As  regards  their  general  distribudon  in  time,  if  the  little  i/f- 


^estes  of  the  Upper  Trias  be  Marsupia/,  as  is  almost  certainly 
She  case,  then  the  order  Carnivora  is  comparatively  modem,  the 
liest  undoubted  remains  having  been  found  in  the  Eocene 
'crtiary.  In  the  Eocene  period,  however,  the  famihes  of  the 
d/i/V//7  and  Fdidcs  appear  to  have  been  already  differentiated. 
"he  UrsidiS^  Vtverridm^  Afitstelida^  Hyanid(By  and  P/wcida^  do  not 
cm  to  have  made  their  appearance  before  the  Miocene  period. 
I  the  Pliocene  and  Post-Pliocene  periods  almost  all  the  existing 
jrpes  of  the  Carnivora  are  represented  by  extinct  forms,  whilst 
the  latter  the  remains  of  various  living  species  are  found 
ssociated  with  other  animals  which  have  at  the  present  day 
tirely  passed  away.  In  the  following  are  given  the  charac- 
and  chief  fossil  forms  of  the  families  of  the  Carnivora, 


F)(.  366.— Feet  of  CttrHi'virrii  {ifter  Owen).     A,  Pla»tigr(nfii,  Foot  of  Bear  ; 
Bt  Pinni^nuint  Hind-feet  of  Seal ;  C,  DigitifraJa,  Foot  of  Li 

ON  I.  PiNNiGRADA. — This  section  of  the  Carnivora 
'inprises  the  amphibious  Seals  and  Walruses,  which  differ 
firom  the  typical  Carnivores  merely  in  points  connected  with 
their  semi-aquatic  mode  of  life.  The  body  is  elongated,  some- 
what fish-Hke  in  shape,  and  terminated  by  a  short  conical  tail. 
All  the  four  limbs  arc  present,  but  they  are  very  short,  and  the 
five  toes  of  each  foot  are  united  by  the  integuments,  so  as  to 
form  powerful  swimming-paddles.  The  hind-feet  are  placed 
very  far  back,  their  axis  nearly  coinciding  with  that  of  the  body 
(fig*  Z^^^  S)'  Owing  to  this  circumstance  the  hinder  end  of 
the  body  forms  an  admirable  swimming  apparatus,  similar  in 
sts  action  to  the  horizontal  tail-fin  of  the  Cdacca  and  Sircnia. 
The  tips  of  the  toes  are  furnished  with  strong  claws,  but  the 
powers  of  terrestrial  locomotion  are  ver>*  limited.    The  cars  are 
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of  small  size,  and  are  mostly  only  indicated  by  smaS  apolnra^ 
which  the  animal  has  the  power  of  closing  when  under  ia» 
The  bones  are  light  and  spongy,  and  beneath  the  skin  is  2  U^ 
of  fat  or  blubber.  The  dentition  varies;  but  teeth  of  three 
kinds  are  always  present,  in  the  young  aniniol  ;it  any  ntt 
The  canines  are  always  long  and  pointed,  and  the  mobxsnt 
generally  furnished  with  sharp  cutting  edges. 

The  Seals  (PJwddte)  are  distinguished  by  ha%nng  iftd« 
teeth  iri  both  jaws,  and  by  the  fact  that  the  canines  uc  M 
immoderately  developed.  As  regards  their  distribution  i 
time,  the  Seals  are  indicated  as  occurring  in  the  Mioccwoad 
Pliocene  Tertiary ;  but  their  remains  axe  by  no  means  a 
abundant  as  might  have  been  anticipated  from  their  j'jua^ 
habits.  Remains  of  Seals,  however,  are  by  no  means  rex)  rare 
in  Post-Tertiary  deposits. 

The  Walruses  {Trichecidct)  are  distinguished  from  the  Soft 
by  their  enonnously-developed  upper  canines,  whidi  gw 
from  persistent  pulps,  and  constitute  great  ]x>tnted  twfci 
Reuiaiiis  of  the  )Valru&  have  been  found  in  some  oi  the 
Tertiary  deposits,  but  they  are  merely  fragmentary,  and  irci 
little  importance. 

Section  II.  Plantigrad-v— The  Carnivorous  anfmaii 
longing  to  this  section  apply  the  whole  or  the  greaicr  pfl 
the  sole  of  the  foot  to  the  ground  (fig.  366,  A) ;  and  t/iej' 
tion  of  the  sole  so  employed  is  destitute  of  hairs  in 
instances  (the  sole  is  hairy  in  the  Polar  Bear). 

The  typical  family  of  the  Plantigrade  Or/rnwd  is  ttai 
the  UrsidtE  or  Bears,  in  which  the  entire  sole  of  llie  fcotl 
applied  to  the  ground  in  walking.     The  L'rsida  :ixt  muf* 
purely  carnivorous  than  the  majority  of  the  order,  ji  ' 
accordance  with  their   omnivorous  habits,   the  teeth  li 
exhibit  the  t)7iical  carnivorous  characters.     The  inns  r^ 
canines  have  the  ordinary  carnivorous  form,  but  the  "«'■ 
sial"  or  sectorial  molar  has  a  tuberculate  crown  instci. 
sharp  cutting  edge.     The  dental  formula  is — 

3—3         >— I  4—4        3—3 

The  claws  arc  large,  strong,  and  curved,  but  are  no 
tile.  The  tongue  is  smooth  ;  the  ears  small,  erect,  and  re 
the  tail  short ;  the  nose  forms  a  movable  truncated  snoi 
the  pupil  is  circular, 

'liie  oldest  knowTi  member  of  the  Ursida  is  the  As 
of  the  Miocene  Tertiary.  In  this  genus  the  molars  a 
culaled,  as  V\\e^  aie.  \Ti.  ^Ke  Uue  Bears;  but,  unlike  tb 
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is  an  additional  molar  on  each  side  of  the  upper  jaw. 
species  have  been  described  from  deposits  of  Middle 
tertiary  age. 

'  The  true  Bears  ( (.^rsus)  do  not  appear,  so  far  as  is  certainly 
^own,  to  have  commenced  their  existence  Ijefore  the  Pliocene 
jeriod,  the  bcst-knowTi  species  of  this  epoch  being  the  Ursus 
\rzt^Tftatsis.  In  the  Posl-Tertiary  period  the  two  most  im- 
►rt^nt  species  are  the  Ursus  priscus  and  Ursus  spfiaus^  of 
the  former  is  probably  identical  with  the  living  Grizzly 
(Ursus fcrox).     The  Cave-bear  {Ursus  spdceus^  fig.  367) 


Fig.  367.— Skull  of  Urtm$  $p*UmM.    FosC-PIiocene. 

igantic  Bear,  which,  as  its  name  implies,  has  been  found 
in  cavern-deposits.  The  size  of  this  species  con- 
^crably  exceeded  that  of  any  existing  Bear,  and  it  is  espe- 
Wy  characteristic  of  the  later  portion  of  the  Post-Pliocene 
^»nod. 

I  Wore  or  less  nearly  allied  to  the  true  Bears  are  the  little 
rj»)g  animals  which  are  known  as  Coatis  {Nasua)^  Racoons 
^ocyoti)^  and  Kinknjous  {C^rcokptes),  all  of  which  at  the 
^Sent  day  are  confined  to  the  American  continent  The 
!*le-caves  of  Brazil  have  yielded  remains  of  two  species  of 
J^*#ff,  and  a  Racoon  has  been  found  in  Post-Tertiary  de- 
^ts  in  Illinois.  No  certain  remains  of  CercoUptts zx^  known  \ 
[^  the  Arctocyon  primmms  of  the  Eocene  Tertiary  of  P'rance 
^l:>een  compared  with  the  existing  Kinkajous- 
p^he  only  remaining  family  of  the  Plafttigrada  is  that  of  the 
^*^ia  or  Badgers,  characterised  by  their  elongated  bodies 
^  short  legs,  and  by  the  fact  that  ihe  camassial  tooth  has  a 
ly  cutting  edge,  and  is  not  wholly  tuberculate  as  in  the 
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Remains  of  Badgers  have  been  found  in  Posl-Tcrtiaiy  d^ 
posits  in  Kurope,  and  they  are  probably  referable  to  the  cdsc- 
\T\g  McUs  taxus.  The  Gluttons  (Gu/o)  are  also  only  kaown 
from  Post-Tertiary  accumulations,  and  the  so-called  Gitii 
spei/EUs  of  the  cavern-deposits  of  Europe  does  not  appctrifl 
be  separable  from  the  common  Wolverine  (Gu/o  iuscm). 

SEcnoN  HI.  DiGiTiGRADA. — In  this  section  of  the  Cm- 
vara  the  heel  is  raised  above  the  ground,  with  the  whole  of 
the  greater  part  of  the  metacarpus,  so  that  the  animals  walk 
more  or  less  completely  on  the  tips  of  the  toes  (6g.  j66,  C). 
No  absolute  line,  however,  of  demarcation  can  be  drawn 
bct^vccn  the  Plantigrade  and  Digiligradc  sections  of  the  df- 
nivora^  since  many  forms  {t.g.^  Muste/ida:  and  llfcrruls)  zx- 
hibit  transitional  characters,  and  it  has  even  been  proposoi 
to  place  these  in  a  separate  section,  under  the  name  of  Smi- 
piantigt-ada. 

The  first  family  of  the  Disitigrada  is  that  of  the  MustdiU 
or  Weasels,  including  a  number  of  small  Carnivores,  with  short 
legs,  elongated  worm-like  bodies,  and  a  peculiar  gliding  mdJt 
of  progression  (hence  the  name  of  Vermifarmes^  sooietinte 
applied  to  the  group). 

The  most  important  fossil  forms  of  the  Musidida  belong  lo 
the  genera  Mmtria  (comprising  the  Weasels  and  Stoats),  jrd 
Lutra  (comprising  the  Otters).  The  Weasels  appear  to  hate 
come  into  existence  in  the  Miocene  period,  being  represented 
by  several  species  in  deposits  belonging  to  this  age.  They 
occur  also  in  Pliocene  and  Post-Tertiary  deposits.  TheOttai 
are  likewise  known  by  their  remains  in  strata  of  Miocene  and 
Pliocene  age,  and  they  occur  in  Post-Tertiary  times. 

The  second  family  of  the  Semi-plantigrade  Carnivores  is  thit 
of  the  Vivertida^  the  Civets  and  Genettes.  They  are  all  of 
moderate  size,  with  sharp  muzzles  and  long  tails,  and  more  or 
less  striped,  or  banded,  or  spotted.  The  camassial  mohr  is 
trenchant  \  the  canines  are  long,  sharp,  and  pointed  \  and  the 
tongue  is  roughened  by  numerous  prickly  papillae.  The  chw 
are  semi-retractile,  and  the  pupils  can  contract,  on  exposure  w 
light,  till  they  resemble  a  mere  line. 

The  genus  Palceonyctis  of  De  Blainville  has  been  founded 
upon  a  lower  jaw  obtained  from  the  Kocenc  Tertiary  of  France, 
and  apparently  referable  to  this  family.  The  Miocene  nxb 
of  France  have  yielded  the  remains  of  several  si>eciesw  "" 
have  been  placed  in  the  existing  genus  VtT'rrra.  Lastly, 
Hycpnidis  and  Idithenum  of  the  Upper  Miocene  deposits 
Attica,  appear  to  be  intermediate  in  their  characters 
the  ViverridfZ  and  Hy(znidas. 
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•"orming  a  transition  between  the  Viverrida  and  the  Fdidix 
b  the  family  of  the  Hyattidm^  distinguished  by  the  fact  that, 
I  alone  of  all  llie  Cantivora^  both  pairs  of  feet  have  only  four 
Iocs  each.  The  hind-legs  are  shorter  than  the  fore-legs,  so  that 
I  the  trunk  sinks  towards  the  hind-quaxters,  and  the  tail  is  short. 
.The  tongue  is  rough  and  prickly.  The  head  is  extremely 
I  broad,  the  muzzle  rounded,  and  the  muscles  of  the  jaw  ex- 
)tremely  powerful  and  well  developed.  The  claws  are  non- 
itetractile.  All  the  molars  are  trenchant  except  the  last  upper 
molar,  which  is  tuberculate.  'I'he  upper  camassial  has  a  small 
internal  tubercle,  and  the  lower  camassial  is  wholly  trenchant. 
I  The  earliest  fossil  member  of  the  Hya^nidts  is  the  Hyana 
Jlippariomtm  of  the  Pliocene  of  France,  and  other  species  have 
J>een  obtained  in  the  same  country  from  strata  of  the  same  age. 
Of  the  Post-Tertiary  Hyaenas,  the  best  known  and  most  im- 
portant is  the  great  Cave-hyaena  (Jlyana  spetiza^  fig.  368). 
This  species  in  many  respects  resembles  the  Hyana  Croatia  of 


Fif.  368.— Skull  oilfytrna  tpeltuk.     PtHt-PUuccDe. 


South  Africa ;  and  it  inhabited  Britain  and  the  greater  part  of 
Europe  during  the  Post-Pliocene  period.     Its  remains  often 
■occur  in  great  abundance,  and  no  doubt  can  be  entertained  as 
to  its  having  survived  into  the  human  period. 

Here  may  be  considered  the  genus  Hyafiodoti^  which  cannot 
"be  referred  either  to  the  J/vtrnidie  or  Fc/ida.  This  remark- 
able genus  has  been  detected  in  the  Eocene  Tertiaiy  of  Eng- 
'land,  and  the  Miocene  in  France,  and  is  noticeable  for  the 
great  number  of  its  molars,  as  compared  with  the  existing 
FdUia.     The  dental  formula  is — 


^ 


..3- 


\-'^ 


>— I     ^     4—4        3—3 


3—3        I— I  ■  '^      4—4 '      l—^ 
praemolars  and   molars  possessed  trencb.3J\^  ^d^'ts. 


J 
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and  were  compressed,  so  that  the  dentition  of  this  extinct  gma 
is  more  highly  carnivorous  than  is  the  case  with  zny  castisf 
Carnivore. 

The  next  family  is  that  of  the  Caitid<e,  comiirising  theDog^ 
Wolves,  Foxes,  and  Jackals.  The  members  of  this  family  rt 
characterised  by  having  pointed  muzzles,  smooth  tongues,  and 

>n-retractile    claws.      The  forc-icet  have   five   iocs  each, 

le  hind-feet  have  only  four.      The  molar  leclh  arc  - 

7 — 7 
sometimes  .  and  of  these,  two  or  three  on  each  side 

7—7 
tuberculate.     The   camassial   has  a  tolerably  large  bccl  orj 
process. 


Fis.  369. — Skull  of  Jackal  {Camit  ownrw/). 

The  true  Dogs  and  the  AVolvcs,  forming  the  genus  Citu, 
and  the  Foxes  ( Vulpa\  can  hardly  be  distinguished  from  one 
another,  as  fossils,  with  any  certainty.  The  oldest  kno^ii 
member  of  the  Canida  is  the  Canh  Parisiensis  of  the  l^ppcf 
Kocene  Tertiary  (Gypseous  series  of  Montmartre).  whicli  ap- 
pears to  be  nearly  allied  to  the  existing  Arctic  Fox(Kj//j|W 
iagopus).  Other  species  of  Canis  occur  in  the  Miocene,  Plio- 
cene, and  Post-Tertiary  dejxjsits ;  and  the  so<al]ed  Cimu 
famiiiaris  fossiiis  of  the  caves  of  Germany,  Belgium,  and  FniK-e, 
appears  to  be  very  nearly  allied  to  the  domestic  Dog  of  the 
present  day.  Similarly,  the  so-called  Cattis  spelttus^  and  Conn 
vu/ptfs  spciaus  arc  nearly,  if  not  quite,  identical  with  the  c^i^: 
ing  "Wolf  and  Fox  of  Europe.  Lastly,  the  Gaiacynus\A  .iic 
Pliocene  schists  of  Oeningen,  and  the  Palaocyott  (Lund)ofthe 
Brazilian  caves,  are  two  extinct  genera  which  may  be  provision 
ally  referred  to  the  Catiiifcs. 

The  last  group  of  the  Dlgitlgrada  is  that  of  the  FMa^  or  Cit 
tribe,  comprising  the  most  typical  members  of  the  whole  onlff 
of  the  Cantivoraf  such  as  the  Lions,  Tigers,  Leojjards,  Cat,  ao4 
Panthers.     The  members  of  this  family  all  walk  upon  the  L:p* 


Z.  *^cir  toes,  the  soles  of  their  feet  being  hair)*,  and  the  whole 
^.*He  metacarpus  and  heel  being  raised  above  the  ground  (fig. 
^^^>  C).  The  jaws  are  short,  and,  o\\'ing  to  this  fact,  and  to 
^  great  size  of  the  muscles  concerned  in  mastication,  the  head 
Umes  a  short  and  rounded  form,  with  an  abbreviated  and 
_^  Ui^d(;j  muzzle.  The  molars  and  pnemolars  are  fewer  in 
^^^ber  than  in  any  other  of  the  Carnivora  (hence  the  short- 
^Ss  of  the  jaws),  and  they  are  all  trenchant,  except  the  last 
'^lar  in  the  upper  jaw,  which  is  tuberciilate.  The  upper  car- 
►wp"^sial  has  three  lobes,  and  a  blunt  heel  or  internal  process, 
*  *^e  lower  camassial  has  two  cutting  lobes,  and  no  interna) 
S**'Ocess.     According  to  Owen,  the  dental  formula  is — 

.3—3        I— I      .      3—3        I—' 

The  legs  arc  nearly  of  equal  size,  and  the  hind-feet  have  only 

^>Ur  toes  each,  whilst  the  fore-feet  have  five.     All  the  toes  are 

*^Tnished  with  strong,  curved,  retractile  claws,  which,  when  not 

^*l  use,  arc  withdrawn  within  sheaths  by  the  action  of  clastic 

ligajuents,  so  as  not  to  be  unnecessarily  blunted. 


Fif.  370. — Skull  of  Lion  {FetiMUc}. 


The  FflidiT  probably  came  into  existence  in  the  Eocene 
period  ;  but  there  is  considerable  uncertainty  as  to  the  remains 
which  have  been  cited  from  deposits  of  this  age.  Several  spe- 
cies of  Fdis  have  been  indicated  as  occurring  in  Miocene 
deposits,  and  still  more  numerous  forms  have  been  determined 
from  Pliocene  strata.  The  most  important  and  best  known  of 
the  Post-Pliocene  Fe/Ute  is  the  great  Cave-lion  {Frit's  speitea), 
which  docs  not  appear  to  he  separable  by  any  character  of  im- 
portance from  the  e.\isting  Lion  {Friis  ieo\  This  species  in- 
habited Britain  in  times  subsequent  to  the  Glacial  period,  and 
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was  a  contemporary  of  the  Cave-hyaena,  Cave-bear,  W« 
Rhinoceros,  and  Mammoth.  There  can  also  be  no  doubt' 
that  the  Cave-lion  sur^nved  into  the  earlier  portion  of 
human  period. 

The  only  other  member  of  the  FeUda  which  deserves 
tion,  is  the  "sabre-toothed."  Tiger  (J/tK-//a/rrt/tti),  species 
which  are  known  to  have  existed  from  the  Miocene  peiiodi 
to  the  Post- Pliocene.     In  this  singular  geuus  the  upper  canil 
were  greatly   elongated,  trenchant,    and    sabre  -  shaped,  mdi 
finely-serrated  margins.     There  is  no  upper  true  mobr,  md 
the  prscmolars  are  reduced  to  two  on  each  side  of  each 
The  dental  formula  is — 


.3—3         »— I       .     2—2  -     -         . 

'  3=3  ;  -^  1=7  :/'«  2^ :  >«  ,=7  =  =6. 

Species  oi  MacJtairodas  must  have  been  as  large  asiUoo 
and  the  genus  is  not  only  European,  but  is  also  reprcscnledf 
a  form  in  South  America,  and  another  in  India. 


CHAPTER    XLI. 


ORDERS  OF  MAMMALIA— Conti'miud, 


RoDENTiA,   Cheiroptera,  and  Inscctivora. 

Order  X.  Rodentia. — The  tenth  order  of  Mammals  is  thai 
of  the  Rodents,  often  spoken  of  as  6^//rfir,  comprising  the  Mice 
Rats,  Squirrels,  Rabbits,  Hares,  Beavers,  &c. 

The  Rodeniia  are  characterised  by  the  possession  of  tw> 
long  cur\'ed  incisor  teeth  in  each  jaw,  separated  by  a  wide  ia_ 
terval  from  the  molars.  The  lower  jaw  never  has  more 
two  of  these  incisors,  and  the  upper  jaw  very  rarely;  but 
times  there  are  four  upper  incisors.  There  are  no  caniDC 
teeth,  and  the  molars  and  pnemolars  are  few  in  number  (nutly 
more  than  four  on  each  side  of  the  jaw).  The  feet  arc  usually 
furnished  with  five  toes  each,  all  of  which  are  armed  with  cUtrs; 
and  the  hallux,  when  present,  does  not  differ  in  form  from  the 
other  digits. 

The  most  characteristic  point  about  the  Rodents  is  tc 
found  in  the  structure  of  the  incisors,  which  are  a<L       ' 
continuous  gnawing— hence  the  name  of  Rodentia, 
teeth  are  commonly  two  in  each  jaw,  and  tb 


[,  37t*—"A,  Skull  of  ihe  Beaver  (after  Owcnl.     B,  Diagram  of  ihe  incUor  tcelh  ol 
B  Rodent,  ihuwing  the  ctuMl-sliapsd  poiat :  a  Enamel  \  d  Ocnline. 

tp  and  are  covered  anteriorly  by  a  plate  of  hard  enamel.  The 
;ck  part  of  eadi  Incisor  is  composed  only  of  the  comparatively 
ft  dentine,  so  that  when  the  tooth  is  exposed  to  attrition,  the 
It  dentine  behind  wears  away  more  rapidly  tlian  the  han! 
lamel  in  front.  The  result  of  this  is  that  the  crown  of  the 
>olh  acquires  by  use  a  chisel-like  shape,  bevelled  away  behind, 
id  the  enamel  forms  a  persistent  cutting  edge  (fig.  371). 
The  gnawing  action  of  the  incisors  is  assisted  by  the  articu- 
ition  of  the  lower  jaw,  the  condyle  of  which  is  placed  longi- 
idinally  and  not  transversely,  so  that  the  jaw  slides  backwards 
ad  fonvards.  The  molars,  consequently^  have  flat  crowTis,  the 
aamelled  surfaces  of  which  are  always  arranged  in  transverse 
dges,  in  opposition  to  the  antero-posterior  movement  of  the 

LW. 

The  earliest  known  traces  of  the  Rodents  in  past  time  have 
ccn  discovered  in  the  Eocene  Tertiary.     The  order  comprises 

large  number  of  families,  only  tlie  more  important  of  which 
an  be  noticed  here. 

Fam.  I.  Leporidte. — In  this  family  are  the  Hares  and  Rabbits 
£^us),  and  the  Pikas  (Lai^omys)^  distinguished  amongst  the 
Lodents  by  the  possession  of  two  small  incisors  in  the  upper 

w,  placed  beliind  the  central  chisel-shaped  incisors,  so  that 
lere  are  four  upper  incisors  in  all.    The  molars  and  pra^tuolars 
rootless,  and  the  dental  formula  is — 


I 


2—2 
1^ 


o — o 


:  pm 


3-3 


''^\-- 


The  clavicles  are  imperfect     The  fore-legs  are  furnished 
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with  five  toes,  and  are  considerably  shorter  than  theH 
which  have  only  four  toes.     The  two  orbits  coir- 
an  aperture  in  the  septum.    Generally  there  is  a  s! 

Species  of  Ltpns,  more  or  less  nearly  allied  to  the 
Hares  and  Rabbits,  are  found  in  the  Miocene  and 
Tertiary  of  Europe  :  whilst  the  Post-Tertiary  dcpoaa 
same  area  have  )'iclded  remains  almost  or  quite  idccdc 
li\'ing  species.     The  cave-dejiosits  of  Brazil  have  also 
the  bones  of  a  hare  ver)'  nearly  allied  to  the  living 
Brasilieiisis.     The  Calling  Hares  or  Pikas  {Lapmys\, 
are  distinguished  by  their  nearly  complete  clavicles 
mcntarj'  tail,  and  ^hicl^  at  the  present  day  are  charac 
Siberia,  are  found  in  the  Pliocene  of  Oeningcn  and 
Tertiary  deposits  in  Britain  and  Soutliern  Europe. 

Jusm.  2.   Cavidi£.~-\vi  this  family  are  the  living 
{I{yiiroc/iarus)y  Agoutis  {Dasypri*iiij\  Pacas  {Cah 
characterised  by  their  absence  of  clavicles,  their  ni( 
tail,  their  unguiculate  toes,  and  their  general  posscaaBIJ 
eight   rootless  molars  in  each  jaw.     Almost  all  the 
members  of  this  family  belong  to  South  America,  afl 
continent  has  been  peopled  during  Post-Tertiary  tiroes 
numerous  species  more  or  less  nearly  allied  to  living 
Thus,  the  Brazilian  bone-caves  have  yielded  to  the 
of  Lund  remains  of  Guinea-pigs  (Ariama)^  Agoutis,  Picas, i 
Cajiybaras,  all  of  whicli  ajipear  to  belong  to  extinct  spea^ 

Fafu.  3.  Nysin'cuiis.—lw  this  family  are  the  well-ktioWQ 
cupines,  distinguished  from  the  other  Rodents  by  thc&cti 
the  body  is  covered  with  long  spines  or  **  quills,"  mixoi 
bristly  hairs.     They  luue  four  molars  on  each  side  of  cadk] 
and  they  possess  imperfect  clavicles. 

Remains   of  Porcupines   allied   to  the  existing 
Hystrix  have  been  delected  in  the  Pliocene  and  Post-Plic 
deposits  of  Europe  and  Asia.     On  the  other  hand,  the  bOB^ 
caves  of  Brazil  have  yielded  the  remains  of  a  Porcupine liii 
a   prehensile   tail,   allied  to   the   living    Cercoiahes  of  '  * 
America. 

Fam.  4.  Casiorida. — The  best-known  example  of  this 
is  the  Beaver  {Castor fiber).  The  distinctive  peculiantioB 
the  family  are  the  possession  of  distinct  cla\'icles,  the  posafl 
sion  of  five  toes  to  each  foot,  and  the  fact  that  the  hinder  fa 
are  mostly  webbed,  adapting  the  animal  to  a  sezni-aqui  *  '' 

The  genus   Castor^  comprising   ilie   existing   Btf«»» 
characterised  by  the  possession  of  a  flattened  seal' 
presented  by  fossil  species  in  the  Miocene  and 
posits  of  Europe.     The  Castor  spdaus  of  the  £0 


i 


Fig.  371.— Jaw  of  TrpfOHtJkerimm  Cwvitru 
Post- Pliocene. 


RODENTIA. 


es  not  appear  to  be  specifically  separable  from  the 
iver  ( Casior  JUjct),  The  great  Trogonifuriiim  (fig. 
Post-Tertiary  de- 
rope,  also  appears 
rically  inseparable 
The  Castoroidts 
'  the  Post-Tertiary 

North  America 
e  rightly  referred 
ate  genus.      The 

species  attained 
ively  gigantic  size, 

lengtli  of  about 

The  Chai'uomys  of  the  European  Miocene  and 
sposits  appears  to  be  nearly  related  to  the  Beavers ; 
le-caves  of  Brazil  liave  yielded  a  species  of  Myopot' 
i  allied  to  the  existing  Coypu  (Myopctatnus  coypus) 
tnerica. 

Afurida. — The  fifth  family  of  Rodents  is  that  of  the 
•mprising  the  Rats,  Mice,  and  Lemmings.  In  this 
tail  is  long,  always  thinly  haired,  sometimes  naked 

The  lower  incisors  are  narrow  and  pointed,  and 
>mplete  clavicles.  The  hind-feet  are  furnished  with 
le  fore-feet  with  four,  together  with  a  rudimentary 

of  Rats  and  Mice  have  been  obtained  in  the  Mio- 
iiocene  Tertiary  of  Europe,  and  the  Post-Tertiary 
in  several  cases  ver>'  nearly  if  not  altogether  un- 
iblc  from  existing  forms.  The  genus  Cricdus^  corn- 
existing  Hamster,  is  represented  in  Post-Tertiary 
a  form  probably  identical  with  the  living  C  vulgaris, 
ings  (Myotics)  are  represented  by  at  least  one  species 
tiary  deposits  in  Britain^  occurring  after  the  Glacial 
I  being  contemporary  with  "pala;olithic"  man.  The 
^ampagnols  {Art'ico/a)  commence  in  the  Pliocene, 
andanUy  represented  in  Post-Tertiary  dc|iosits.  The 
.1  deposits  of  Britain  have  yielded  remains  of  the 
ratmsis,  A.  agrestisy  and  A.  amphibia,  the  last  of 
:  well-known  "Water-rat")  occurs  also  in  Pne- 
umulations. 

Dipoi/idte.—ThQ  sixth  family  of  tlie  Rodents,  which 
ly  important  to  need  notice,  is  that  of  the  Dipodida 
mainly  characterised  by  the  disproiwrtionatc  length 
l-limbs  as  compared  with  the  fore-limbs.  The  tail 
;  and  hairy,  and  there  are  complete  clavicles. 
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Remains  of  a  species  of  Jerboa  {Dipus)  have  been  di 
in  Miocene  deposits  in  France,  but  they  are  of  oo  spcciil 
portance. 

Fam.  7.  Myoxid(E. — The  members  of  this  family  are  coin- 
monly  knovMi  as  Dormice,  and  they  are  often  included  io  tbc 
following  family  of  the  S<]uirrels  and  Marmots. 

They  resemble  the  Squirrels  in  most  respects,  but  they  hm 
only  four  molars  on  each  side  of  the  upper  jaw,  whcrcu  tbe 
latter  possess  five.  Two  species  of  Myoxus  have  been  detected 
in  the  Upper  Eocene  (Gyjjseous  series  of  Montmartre).  audi 
third  species  has  been  determined  from  beds  of  Miocene  a^ 
Several  species  have  been  detected  in  Post-Tertiary  dcf 
of  which  the  most  remarkable  is  the  comparatively  gif 
Myoxus  Mditmsis  of  the  Maltese  Post-Pliocene. 

Fam,  8.  Sciurida. — This  is  the  la5t  family  of  Rodents  whi| 
calls  for  any  special  mention,  and  it  comprises  the  true 
rels,  the  Flying  Squirrels,  and  the  Marmots. 

The  members  of  this  family  are  distinguished  by  their] 
or  compressed  incisors  and  their  tubercular  molars,  tJie 
jaw  having  five  of  the  latter  on  each  side,  whilst  the  lower  ji 
has  only  four.  The  genus  Sciurus^  comprising  the  true  % 
rels,  is  represented  from  the  Eocene  Tertiary  upwards, 
none  of  the  fossil  forms  are  of  special  interest.  The 
Arctoffiys,  comprising  the  Marmots,  is  represented  in  thcPlio-' 
cene  by  a  single  species,  and  by  several  forms  in  the  Por* 
Tertiary.  The  Pouched  Marmots  (Spermophiius)^  laitiy,  ip- 
pear  for  the  first  time  in  the  Miocene;  and  Britain  p 
two  species  in  times  posterior  to  the  Glacial  period. 

OnrJER  XI.  Cheiroptera. — This  order  is  undoubtedly 
most  distinctly  circumscribed  and  natural  group  "  in  the  whole 
class  of  the  Afamma/ia.  In  many  respects,  however,  it  would 
be  advantageous  to  regard  the  Cheiroptera  as  a  sub^crof 
the  next  order  (namely  the  Jfisaih'ora)^  specially  modified  to 
lead  an  aerial  life;  just  as  the  Pinnigrada  are  regarded  as  1 
mere  section  of  the  Cam'wora  specially  modified  to  suit 
aquatic  life. 

The  Cheircyptera  are  essentially  characterised  by  the  foct  thU 
the  anterior  limbs  are  longer  than  the  posterior,  the  digits  o( 
the  fore-limb,  with  the  exception  of  the  pollex,  being  eDO^ 
mously  elongated  {fig.  373).  lliese  elongated  fingen  at 
united  by  an  expanded  membrane  or  "patagium,"  which  is 
also  extended  between  the  fore  and  hind  limbs  and  the  side* 
of  the  body,  and  in  many  cases  passes  also  between  the  hind- 
limbs  and  the  tail.  The  patagium  thus  formed  is  naked,  or 
nearly  so,  on  both  sides,  and  it  ser\'es  for  flight.     Of  the  fingen 
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ic  hand,  the  pollex,  and  sometimes  the  next  finger  as  well, 
■unguiculate,  or  furnished  with  claws  ;  but  the  other  digits 
ire  destitute  of  nails.     In  the  hind-limbs  all  the  toes  are  un- 

Siculate,  and  the  hallux  is  not  in  any  respect  different  from 
e  other  digits.  Well-developed  clavicles  are  always  present, 
md  the  radius  has  no  power  of  rotation  upon  the  ulna.  The 
aaatnmary  glands  are  two  in  number,  and  are  placed  upon  the 
:hest  There  are  teeth  of  three  kinds^  and  the  canines  are 
ihrays  well  developed.  The  molars  are  tubercuiate  or  grooved 
n  the  frugivorous  forms,  and  cuspidate  in  the  insectivorous 
5>ecies.  The  ulna  is  sometimes  quite  rudimentary.  The 
tkones  are  not  pneumatic. 


•      Fig.  37J.— Skeleton  of  FoK-bot  (/*^m^tM>— after  Owea. 

The  living  Bats  are  divided  into  the  two  groups  of  the 
'rugivorous  Bats,  comprising  the  single  family  of  the  Ptcropida 
Fox-bats  or  Roussettes),  and  the  Insectivorous  Bats,  com- 
msing  the  three  families  of  the  VespfrtUionida^  the  Rhinoh- 
Shiiitx  (Horse-shoe  Bats),  and  the  Phyilostomida  (Vampire 
Bats).  The  Ouiropitra  are  represented  for  the  first  time  in 
;he  Eocene  Tertiary  of  Europe,  and  that  by  a  form  very 
rimilar  to  the  existing  European  Bats.  The  fossil  in  question 
s  the  Vespfrtiiw  Parisiatsis  (fig.  374)  of  the  Gypseous  series 
jf  Montmartre  (Upper  Eocene).      Other  species  of  small  In- 
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sectivorous  Bats  (  VesperiiUo)  have  been  discovered  in  Mioc»<, 
Pliocene,  and  Post-Tertiary  deposits.  The  Horsc-^hoc  Iha 
(Rhhwiophus)  have  as  yet  only  been  discovered  in  tt?^ 
deposits.  I-astly,  the  Vampire  Bats  are  represented  by  do 
less  than  five  species  in  the  Post-Pliocene  cave-dcposils  of 
Brazil,  in  which  country  is  found  the  living  Pkyihatm 
spidrum. 


J"'£-  374^ — ytsp^rttlw  i'aHs'uHtit.     Upper  Eocene 

Order  XII.  Insectivora. — The  twelfth  order  of  Mami 
is  that  of  the  Itistctlvora.,  comprising  a  number  of  small  Mifr 
mals  which  are  very  similar  to  the  Rodents  in  many  respects^ 
but  want  the  peculiar  incisors  of  that  order,  and  are  likcvise 
always  furnished  with  clavicles. 

In  the  ftisfctivora^  all  the  three  kinds  of  teeth  are  usually 
present,  but  the  exact  nature  of  the  dentition  varies  ronswia- 
ably  in  diflerent  cases.  The  incisors  and  canines  prrfcnt 
little  special,  but  the  molars  are  always  serrated  with  nQni6 
rous,  small,  pointed  eminences  or  cusps,  adapted  forcrafhiog 
insects.  With  one  exception,  clavicles  are  always  present  m  A 
complete  form.  All  the  feel  are  usually  furnished  with  fire 
toes  ;  all  the  toes  are  furnished  with  claws  j  and  the  aninul 
walks  on  the  soles  of  the  feet,  or  is  plantigrade. 

The  earliest  traces  of  Insectivorous  Mammnls  are  in  the 
Eocene  Tertiary  (the  Spah^odon  of  the  Upper  Eocene  d 
Hordwell,  discovered  by  Mr  Flower).     The  order,  howcrtf, 
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Kig-   375.— liuMTCUwora.      Skull  of 
the  common  Hedgehog  (Erinairus 


s  not  become  well  represented  till  we  reach  the  Miocene 

iod. 

The  three  leading  families  of  the  Jnsectivora  are  the  Talpida 

Moles,  the  Soricida  or  Shrew- 
Dice,  and  ihc  £nftacctWi£  or  Hedge- 
»Ogs. 

J^am.  I.  Ta!pida. — The  body  in 
his  family  is  covered  with  hair ; 
he  feet  arc  formed  for  digging  and 
►uiTowing,  and  the  toes  are  fur- 
lished  with  strong  cur\'ed  claws. 

The  earliest  remains  of  Taipida 
ppear  for  the  first  time  in  the 
liiocene  Tertiary  ;  but  they  are  of 
Ittle  importance.  The  common  Alole  {Talpa  Europtia)  occurs 
n  Post-Pliocene  deposits  in  Britain  and  on  the  Continent 
Jeveral  genera  (Dimylnsy  Paimospaiax^  GeotrypuSy  &c.)  have 
>een  founded  upon  remains  of  Mole-like  animals  from  the 
kliocene  and  later  Tertiary  deposits. 

I^am.  2.  Soricida. — 'I'he  ^}ricida  or  Shrew-mice  are  disiin- 
fuishc<i  by  having  the  body  covered  with  hair,  and  the  feet 
lot  adapted  for  digging;  whilst  there  are  external  ears,  and 
the  eyes  are  well  developed.  Of  all  the  Irisecfivora^  no  divi- 
ion  is  more  abundant  or  more  widely  distributed  than  that  of 
the  Shrew-mice.  In  general  form  and  appearance  the  Shrews 
cry  closely  resemble  the  true  Mice  (Afuridts)  and  the  t>or- 
aicc  (A\fyoxida)y  but  they  are  in  reality  widely  different,  and 
lust  not  be  confounded  with  them. 

Remains  of  Shrews  (belonging  to  the  genera  Sor^.t^  Afysa- 
xtchtu^  and  Pksmorex)  have  been  discovered  in  the  Miocene 
leposits  of  Kurope.  Several  existing  species  (such  as  Soffx 
ntits  and  S.  fodUtis)  occur  in   Post-Tertiary  cave-deposits 

d  ossiferous  breccias.  Lastly,  the  Desmans  {Mygti/^)  are 
represented  from  the  Miocene  Tertiarj'  onwards. 

Juim.  3.  Eri>iac€ida. — The  last  family  of  the  Ifistciivora  is 
that  of  the  Hedgehogs,  characterised  by  the  fiict  that  the  upper 
part  of  the  body  is  covered  with  prickly  spines,  the  feet  are 
Hot  adapted  for  digging,  and  the  animal  has  mostly  the  power 
of  rolling  itself  into  a  ball  at  the  approach  of  danger. 

Several  species  of  Hedgehog  have  been  found  in  the  fossil 

te,  commencing  in  the  Miocene  Tertiary.  The  Erinaceus 
fossiiis  of  the  Post-Tertiary  period,  does  not  appear  to  be 
separable  from  the  common  species  (Erinaceus  Europaus). 
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CHAPTER    XLIL 
OKDERS  OF  MAMMAUA-^C^mlttdti. 


QUADRUMANA   AND    BlHANA. 

Order  XTII.  Quadrumaxa. — The  thirteenlh  order  oi  M^ 
mals  is  that  of  the  Quadnimana^  comprising  the  Apes,  Mcfr 
keys,  Baboons,  Lemurs,  &g^  characterised  by  the  foDovrsf 
points  : — 

The  hallux  (innermost  toe  of  the  hind-limb)  is  scpaiittd 
from  the  other  toes,  and  is  opposable  to  them,  so  tlul  tfae 
hind-feet  become  prehensile  hands.  The  pollex  (innomofi 
toe  of  the  fore-limbs)  may  be  wanting,  but  when  prcscot.  il 
also  is  usually  opposable  to  the  other  digits,  so  that  the  aninul 
becomes  truly  quadntmanous^  or  four-handed- 

The  incisor  teeth  generally  are  ,  and  the  molais  — 

with  broad  and  tuberculate  crowns.  Perfect  cla\-id«  an 
present.  The  teats  ore  tin'O  in  number,  and  are  pectoral  ■ 
position. 

The  Quadrumana  are  di\ided  by  Owen  into  three 
natural  groups,  separated  from  one  another  by  their  ai 
mical  characters  and  by  their  geographical  distributioi 
follows : — 

Strepsirhina. 

This  section  of  the  Quadrumana  is  characterised  byj 

possession  of  twisted  or  cur\'ed  nostrils,    placed  at  the 
of  the  snout.     The  incisor  teeth  arc  generally  much,  modif 

3 — 3  3" 

and  are  in  number  r^.  as  a  rule ;  the  pncmobrs  are 


or 


and  the  molars  are  tuberculate.      The  second 


of  the  hind-limb  has  a  claw,  and  lK)lh  fore  and  hind  fe<t 
five  toes  each,  all  the  thumbs  being  generally  opposable, 
the  tnie  Lemurs,  all  the  digits,  except  the  second  toe  of  tht 
hind-feet,  arc  furnished  with  nails. 

This  section  is  often  called  that  of  the  Prosimta^  aad  d 
eludes  several  families,  of  which  the  Aye-Ayes,  Pottos,; 
true  Lemurs  are  the  most  important  ^ 

Ko  member  of  the  Strepsirhine  division  of  llie  Quadrut 
has  as  yet  been  discovered  in  the  fossil  condition.    W 
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rever,  those  regions  of  the  world  have  been  properly  ex- 

lored  in  which  tliese  forms  occur  at  the  present  day,  we  shall 
ibtless  find  extinct  representatives  of  this  group.  The 
rpsirhine   Monkeys,   namely,   are   at  present   confined   to 

tadagascar,  \Vestem   Africa,   and  the   Indian  Archipelago  ; 

id  these  regions  are  as  yet  almost  unknown,  IxUxontologi- 

'ly  speaking. 

PlJVTYRHINA. 

The  sBction  of  the  Platyrhine  Monkeys  is  exclusively  con- 
ped  to  South  America,  and  one  of  its  leading  characters  is  to 
5  found  in  the  almost  imiversal  possession  of  a  prehensile 
11  ;  this  being  an  adaptive  character  by  which  the  animal 
suited  to  the  arboreal  life  which  so  many  of  the  South 
merican  Mammals  are  forced  to  lead.  There  are  neither 
ieck-jx)uches  nor  natal  callosities,  and  there  is  an  additional 
raemolar,  and  sometimes  a  molar  less  than  in  man  and  the 
Md  World  Monkeys.  The  nostrils  are  simple,  wide  apart, 
[ul  placed  nearly  at  the  extremity  of  the  snout     The  ptiE- 

lOlars  are  in  number,  and  have  blunt  tubercles.     The 

umbs  of  the  fore-hands  are  either  wanting  altogether,  or,  if 
resent,  are  not  opposable,  though  versatile. 

The  fossil  remains  of  Platyrhine  Monkeys  are  only  known 
>  occur  in  South  America,  to  which  country  all  the  existing 
»rins  are  confined.  Here,  in  deposits  of  late  Tertiary  or 
'Ost-Tertiary  age,  have  been  found  remains  of  Monkeys  re- 
ble  to  the  existing  genera  C^hus,  Cailithrix,  and  lac^/tus, 
Jong  with  a  large  form  which  constitutes  the  extinct  genus 
^oiopithccusy  and  which  is  allied  to  the  recent  Mycetes. 

Catarhina- 

The  third  and  highest  section  of  the  Quadrumana  is  that  of 
the  Catarhina  or  Old  World  Monkeys.  In  this  section  the 
nostrils  are  oblique,  and  are  placed  close  together,  and  the 
leptum  narium  is  narrow.  The  thumbs  of  all  the  feet  are 
opposable,  so  that  the  animal  is  strictly  quadrumanous.  In 
Colobiis  alone  the  anterior  thumbs  (pollex)  are  wanting.  The 
dental  formula  is  the  same  as  in  man,  viz.  : — 

/?=?;  c  l=i  :  /«/— ^  m  3-3  -  32. 
2—2        I— I     '^    -'2—2         3—3 

The  incisors,  however,  are  projecting  and  prominent,  and 
the  cannies — especially  in  the  males — arc  large  and  pointed. 
Moreover,  the  teeth  form  an  uneven  series,  interrupted  by  a 

3  G 
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diastema  or  interval.  The  tail  is  never  prehensile, 
sometimes  absent.  Cheek-pouches  are  often  present,  and ' 
skin  covering  the  tttbcra  ischii  is  almost  always  callous  lad 
destitute  of  hair,  constituting  the  so-called  '*  natal  caUoshJes.' 
With  the  single  exception  of  a  Monkey  which  inhabits 
Rock  of  Gibraltar,  idl  the  Catarhina  are  natives  of 
and  Asia. 

The  earliest  traces  of  tlie  Cataihine  Monkeys  (constil 
the  oldest  known  relics  of  the  entire  order  of  the  Qu 
appear  in  the  Eocene  Tertiary ;  and  they  occur  only  in  dx 
Old  World,  so  far  as  is  yet  known.  The  Macacus  tficamu  a 
the  London  Clay  has  now  been  referred  to  Hjrcuvihaxm: 
but  the  Ceenopiihecus  hmuraidei  of  Riiiimeyer,  from  dcpoaitid 
Eocene  age,  appears  to  be  an  undoubted  Monkey.  On^ 
thecuiy  however,  cannot  be  referred  with  any  certainty  to  ie 


^ 


Fig.  376,  —Lower  jaw  of  PU^pithnms  {PitkMu*)  nntifmtu.     Mi 


Catarhimiy  ils  most  marked  affinities  being  with  the  gma" 
Myceifs  on  the  one  hand,  and  the  Lcmurida  on  ihe  other. 
the  Miocene  deposits  of  Greece  occur  the  remains  of  a  Mai 
{Mcsopitheats  Pent€iici)\  and  in  deposits  of  the  same  3 
France  have  been  found  the  remains  upon  which  have 
founded  the  genera  PihpilhccHs  (fig.  376)  and  Dryo^ 
The  former  of  these  a])pears  to  have  been  most  nearly 
to  the  recent  genus  SctmwpiihcatSy  in  which  case  it  must 
possessed  a  tail  and  cheek-pouches.   The  latter  appean  to 
been  more  nearly  allied  to  the  living  Gibbons  (Hyioba^ 
which  case  it  must  have  been  destitute  of  a  tail  and  of 
pouches. 

Besides  the  above^  the  Pliocene  (or  Miocene)  dcp* 
India  have   yielded  the   remains  of  Semnopitheats^  h 
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a  form  allied  to  the  Orang.     The  Pliocene  deposits  of 

ice  contain  remains  of  the  genera  Semnopithecus^  Afac^a/s, 
Cercopitheais ;  and  a  jaw  oi  Macacus  has  been  obtained 
similar  deposits  in  Essex. 

RDER  XIV.  BiMANA. — This,  the  last  remaining  order  of 
MammaJhy  comprises  Man  {Homo)  alone,  and  it  will  there- 
require  biit  little  notice  here,  the  peciilinritics  of  Man's 
ital   and  physical  stnictiare  properly  belonging  to   other 
iches  of  science. 
Zoologically,  Man  is  distinguished  from  all  other  Mammals 
his  habitually  erect  posture  and  bipedal  progression.     The 
rer  limbs  are  exclusively  devoted  to  progression  and  to  sup- 
jng  the  weight  of  the  body.     The  anterior  limbs  are  shorter 
the  posterior,  and  have  nothing  whatever  to  do  with  pro- 
iion.     The  thumb  is  opposable,  and  the  hands  are  pre- 
isile,  the  fingers  being  provided  with  nails.     The  toes  of  the 
-limb  are  also  furnished  with  nails,  but  the  hallux  is  not 
isab!e  to  the  other  digits,  and  the  feet  are  therefore  useless 
ns  of  prehension.     The  foot  is  broad  and  plantigrade, 
the  whole  sole  is  applied  to  the  ground  in  walking. 

dentition  consists  of  thirty-two  teeth,  and  these  form  a 
•ly  even  and  uninterrupted  series,  without  any  interval  or 
itema.     The  dental  formula  is — 


.3—2 


I— I 


—^'^     ^7:17:    /'" 


2 — 2 


3—3 
3—3 


32. 


4 


Al 


.  / 


y^    ./ 
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I'ig.  377. — A,  Skull    -f  ihc  flrifi^-ourany.      H,  Skull  ni  .tii  atliilt  K«r<ii>can. 

The  brain  is  more  largely  developed  and  more  abimdantly 
lished  with  large  and  deep  convolutions  than  is  the  ciise 

ith  any  other  Mammal.  The  mammjc  arc  pectoral,  and  the 
:enta  is  discoidal  and  deciduate. 
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ORDERS  OF  MAMMALIA. 


■ 


Man  IS  the  only  terrestrial  Mammal  in  wluch  the  body  is 

not  provided  with  a  covering  of  hair. 

Palaeontologically.  there  is  little  to  be  said  about  Man— oi; 
rather,  so  much  might  be  said  on  this  subject  that  its  disos- 
sion  can  only  be  properly  taken  up  in  a  special  treatet 
Man  appeared  upon  the  earth,  so  far  as  we  know,  only  in  the 
last  or  Post-Tertiary  period  of  Geology,  and  his  renuins.  in 
the  fomi  of  bones  or  implements  of  various  kinds,  havcbca 
detected  in  various  Post-Tertiary  accumulations,  suchastalkj- 
gravels  and  cave-deposits.  The  chief  facts  as  to  the  past  ciisi- 
ence  of  man  which  concern  the  palseontological  student  Ba)r 
be  briefly  stated  as  follows  : — 

1.  Man  unquestionably  existed  during  the  later  pordoaj 
what  Sir  Charles  Lyell  has  termed  the  "  Post-Pliocene " 
In  other  words,  Man's  existence  dates  back  to  a  time 
several  remarkable  Mammals,  to  be  afterwards  mentioned, 
not  yet  become  extinct ;  but  he  does  not  date  back  to  i 
anterior  to  the  present  MoUuscan  fauna. 

2.  The  antiipiity  of  the  so-called  Post-Pliocene  period! 
a  matter  which  must  be  mainly  settled  by  the  evidence] 
Geology  proper,  and  need  not  be  discussed  here. 

3.  The    extinct   Mammals  with   which    man    coexisted 
Western  Europe  arc  mostly  of  large  si/e,  the  most  imj 
being  the  Mammoth  {EUphas  primigertius),  the  Woolly 
ceros  {Rhinoceros  tkhorhim4s\  the    Cave-lion    (Fdis 
the  Cave-hyasna  {Hytzna  spciim)^  and  the   Cave-bear  {I'r 
sp€li£us).     We  do  not  know  the  causes  which  led  to  the 
tinction  of  these  Post-Pliocene  Mammals  ;  but  we  know 
no  Mammalian  species  has  become  extinct  during  the 
period. 

4.  The  extinct  Mammals  with  which  man  coexisted  are  (fr' 
ferable  in  many  cases  to  species  which  presumably  required  i 
very  different  climate  to  tliat  now  prevailing  in  Western  Kurt>pt 
How  long  a  period,  however,  has  been  consumed  in  the  briaf 
ing  about  of  the  climalic  changes  thus  indicated  we  hiYtflt, 
means  of  calculating  with  any  approach  to  accuracy. 

5.  Some  of  the  de|x)sits  in  which  the  remains  of  man 
been  found  associated  with  the  bones  of  extinct  Mamnuk 
such  as  to  show  tncontestably  that  great  changes  in  the  fJ 
sical  geography  and  surface-configuration  of  Western 
have  taken  place  since  the  period  of  iheir  accumulation. 
have,  however,  no  means  at  present  of  judging  of  the  lap* I 
time  thus  indicated  except  by  analogies  and  comparisons  vfc 
may  be  disputed. 

6.  The  \vun\M\  vpa^Vtments  which  are  associated  with 
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IS  of  extinct  Mammals,  themselves  bear  evidence  of  an 
iedingly  barbarous  condition  of  the  human  species.  Post- 
■cene  or  *'  Paleolithic  "  Man  was  clearly  unacquainted  with 
use  of  any  of  the  metals.  Not  only  so,  but  the  workman- 
»  of  these  ancient  races  was  much  inferior  to  that  of  the 
r  tribes,  who  were  also  ignorant  of  the  metals,  and  who 
'  used  nothing  but  weapons  and  tools  of  stone. 
.  Lastly,  it  is  only  with  the  human  remains  of  the  Post- 
►cene  period  that  the  palreontologist  proper  has  to  deal. 
en  we  enter  the  "Recent"  period,  in  which  the  remains  of 
a  are  associated  with  those  of  txisting  species  of  Afamma/s^ 
pass  out  of  the  region  of  pure  pala;ontology  into  the  do- 
n  of  the  Archaeologist  and  the  Ethnologist. 
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PALEOBOTANY. 
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CHAPTER    XUII. 

General  Rei-ations  of  Plants  to  Time. 

^^  subject  of  Palfcobotany  or  Palacophytology  is  one  which 
^x-  loo  vast  to  be  treated  of  in  a  work  of  this  nature  j  whilst 
s  one  which  is  of  less  importance  to  the  general  student  than 
t  of  Palreozoology.  For  this  reason,  nothing  further  will  be 
^ixipted  here  than  to  give  the  briefest  and  most  elementary 
i^ine  of  the  general  distribution  of  plants  in  past  time,  to 
*<^h  wiil  be  added  a  short  summary  of  the  chief  fonns  of 
Citable  life  which  characterise  each  of  the  great  formations. 
'^  following  table  shows  the  leading  groups  into  which  the 
Actable  Kingdom  is  divided  :— 

Divisions  of  the  Vegetable  Kingoom. 

^»  Cryptogamic  Plants  (Gr.  kruptas^  concealed ;  gamasy  marriage), 
*tinguUhe<l  by  haWng  no  distinct  flowers  or  fruit.     They  include— 

<».    J'Aa/hs^ens. — E.x.  Sea-weeds  (^//j;*/),  Lichens,  Mushrooms. 

*.  Atfogens. — £x.   Liverworts,  Mo&ses. 

,  **.  Acrp^^ens^ — Ex.  Club-mobses  {Lyiopodiaiea)^  Fcms,  Hone-tails  (£^hA 
!«*■<»). 

^  II.  Phanerogamic  Plants.  (Gr.  phatifrosy  conspicuous  ;  ^nws^  mar- 
age),  distinguished  by  hnving  distinct  flowers  and  seeds.  They  are 
ivide^I  tnio— 

a.  F.ndog€ns. — Ex.  Grasses,  Palms,  Lilies.  These  have  ^i/tf^xiwr  stems, 
lowing  no  rings  of  growth,  and  die  young  plant  Posse&*;es  but  a  single 
jpd-Iobe  or  **  cotyledoiu"     Hence  they  aic  often  calie<I  Mouocotyltdons. 

i,  Exogeus. — Ex.  Pines  and  Cycads  with  most  ordinary  shrubs,  trees, 
id  flowering  plants.  Tlie  Pines  and  Cycads,  with  the  fo^il  SipZ/anar, 
ivc  the  seed  naked,  and  arc  hence  called  Gjfmnot/erms  (Gr.  gi^mnos^  naked  j 
trtnat  sccfl).  Ordinary  trees  and  shrutis,  on  the  other  hand,  have  the 
cd  covered,  and  are  therefore  called  Angios/t^mis.  Both  the  Gymno* 
crms  and  Aninospcrms  have  an  e.xo^fruvts  mode  of  growth,  with  a  true 
rk  and  annual  rings  uf  growth.  The  !*ed  also  possesses  two  lecd-lobes  or 
^tylcdons ; "  and  they  are  therefore  often  spoken  oi  ta  Dkotyietiom. 
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The  remains  of  Plants  appear  for  the  first  time,  so  fiu  ss 

known,  in  the  Lower  Cambrian  series  (the  Eophyton  of  the  Fi 
daJSamlstone  of  Sweden);  and  from  this  time  onward  ihej 
never  absent  altogether  from  any  of  the  great  geological 
tions.  The  aftinities  of  this  earliest  known  plant  are  so 
ous  that  it  cannot  be  employed  as  proving  the  first 
of  any  of  the  great  groups  of  plants.  The  Upper 
and  Lower  Silurian  Rocks  have  yielded  various  remains 
unquestionable  vegetable  nature,  but  of  doubtful  affinit' 
ferred,  however,  with  more  or  less  probability,  to  Sca-i 
(**  Fucoids  ").  In  the  Upper  Silurian  Rocks  have  been  dfti 
various  Sea-weeds  (Spirophyton^  &c.),  the  spore<ases  of  1 
podiaceous  plants  i^PiuhytJieca)^  I^itioii^fiiirony  and 
the  remarlcable  generalised  tyj>e  PsUophyton,  which  is  m 
respects  intermediate  between  the  Lycopodiauit  (Club- 
and  the  Ferns.  In  the  Devonian  period — as  wc  now 
from  the  researches  of  Dr  Dawson  of  Montreal  in  part 
plants  are  very  abundant,  and  belong  to  varied  i?"pe& 
great  group  of  the  Gymnospermous  Exogens  is  here  rep 
by  remains  of  various  Conifers  (Dadoxyion^  Ormcxylan^ 
Proiotaxit^s),  The  Ferns  are  represented  by  numerous  spede^ 
in  many  cases  not  far  removed  from  tyi>es  now  in  exisUnct; 
and  it  is  interesting  to  notice  that  Tree-ferns  {Psaronius  ol 
Cauhptcris)  are  not  wanting  amongst  these,  llic  LycopoSitoi 
or  Club-raosses  are  represented  in  the  Devonian  Scries  byi» 
merous  remarkable  types,  such  as  Lepid^nicTuiron^  L^pidtifMlmi^ 
Cordaitfs,  and  Lycopodites.  The  Sigillarioid  plants,  reganW 
by  different  authorities  as  being  Coniferous,  or  LycopoducttRH 
or  as  being  intermediate  between  the  Acrogens  and  G)Tnno- 
sperms — are  represented  by  species  of  Sigi/iaria  itself,  with  is 
Sii^mana  roots.  The  Horse-tails  or  £</uiseta<ti£  are  repft* 
sented  by  species  of  the  remarkable  genus  Gi/iimifa.  The 
genus  A rt/MiMes,  commonly  supposed  to  be  the  spike  of  tnic- 
tification  of  some  phanerogamic  plant,  and  now  knon-n  to  bfU 
the  probably  G)Tnnospermous  fruit,  Cardiocarpon — is  xt\t^ 
sented  by  two  species  in  the  Devonian  Rocks.  Lastly,  ibc 
Devonian  formation  of  the  State  of  New  York  has  yielded  tb« 
remains  of  an  Angiospermous  Exogen,  which  has  been  described 
by  Dr  Dawson,  under  the  name  of  Syrbi^oxylon  mirahik. 

We  tlius  see,  even  from  such  an  imperfect  sumroarr  as  the 
above,  that  we  must  abandon  the  old  view  that  nc 
general  and  varied  flora  existed  in  times  anterior 
measures.     U'e  sec  that  at  a  point  of  PalEozoi^ 
that  represented  by  the  Devonian  formatio 
itcd  a  fej  ttom  aca.\\t^  Nt^'cXaAiow,  compos* 
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ts,  and  embracing  representatives  of  almost  all  the  great 
roups  of  plants  which  at  present  grow  upon  its  surface.  Thus, 
c  find  in  the  Devonian  Rocks  representatives  of  the  groups  of 
le  Horse-tails,  Club-mosses,  Ferns,  and  Gymnospennous  and 
kJQgiospermous  Exogens.  We  have,  however,  no  certain  re- 
iresentative  of  the  great  group  of  the  Endogens,  whilst  the 
Lngiospermous  Exogens  are  known  by  a  single  genus  only, 
cprescnted  by  a  single  species.  Upon  the  whole,  therefore, 
he  vegetation  of  the  Devonian  period  is  characterise*.!  by  the 
jrcdominance  of  Cryptogams  and  Gymnospcrmous  Exogens. 

Passing  on  to  the  Carboniferous  period,  we  have  to  consider 
the  largest  and  most  varied  of  the  Palscozoic  floras,  but  one 
hich  is  in  most  respects  very  similar  to  that  of  the  Devonian 
ocL     Some  Devonian  genera  of  plants  do  not  pass  up  into 
;  over-I>'ing  formation,  and  some  of  the  Carboniferous  genera 
ve  not  been  recognised  in  the  Devouian  ;  whilst  hardly  any 
feats  are  common  to  the  two  floras.     Still,  the  general  /aa'es 
f  the  Carboniferous  vegetation  is  much  the  same  as  that  of 
,c  Devonian  ;  and  the  same  groups  predominate  in  the  former 
t  in  the  latter,     The  predominant  groups  of  plants  in  the  Car- 
niferous  Rocks  are  the  Ftrns  (Fi/icfs),  the  Sigillarioids,  the 
;pidtxiendroids,  and  the  Calamites,  of  which  all  except  the 
Sigillarioids  are  certainly  Cr>'ptogams.     Here,  also,  we  have 
first  instance  of  the  occurrence  of  a  Fungus  {Archagari- 
).     The   Coni/era  are  well  represented  by  several  genera 
Arauairioxyhn^  Dadoxylon^  &c,),  but   no   remains  of  trees 
>elonging  to  the  Angiospennous  Exogens  have  been  as  yet 
Ictected.     There  are,  however,  a  few  flowering  plants  (such  as 
he  Monocotyledonous  Pothocites  of  the  Scotch  Carboniferous). 
Lastly,  the  Carboniferous  Rocks  have  yielded  remains  of  the 
genus  N\£ggerathia^  referred  by  Brongniart  to  the  peculiar  Gym- 
nospcrmous group  of  the  Cycadactdy  but  regarded  by  others  as 
>eIonging  to  the  Ferns. 

In  the  Permian  period,  the  vegetation  is  nearly  related  to 
that  of  the  Coal-measures.  We  have  still  numerous  Ferns 
Neuroptcris^  Peiopicris,  SphenopterU)^  Tree-ferns  (Psarofims),  the 
L*ycopodiaccous  Lepidodmdron^  andCalamites.  The  Conifers, 
iBlso,  are  abundant,  and  belong  to  several  genera.  Some  of  the 
Conifers,  however  (as  Ulhnama)^  bear  genuine  cones,  and  the 
Sigillarioids,  which  are  so  characteristic  of  the  Carboniferous 
period,  have  apparently  altogether  disappeared  in  the  Permian. 
With  the  Trias  we  commence  the  great  series  of  Mcsozoic 
deposits,  and  there  is  a  marked  change  in  the  vegetarion  of  this 
period  as  compared  with  that  of  the  Carboniferous  and  Permian 
epochs.     The  Lepuivdendroids  and  Sigiiitirioids  have  now  com- 
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pletely  disappeared.  The  Calamites  of  the  Coal-measttM 
represented  by  true  Horse-tails  (E^uis^iites).  Ferns  and 
fers  are  still  abundant,  and  some  of  iho  latter  {  Vt}ltua)  a 
no  means  unlike  existing  forms.  Lastly,  there  is  an  abua 
of  remains  of  Cycadaceous  plants  {I^a-ophyllum^  Pod^u 
&c) 

The  Jurassic  and  Lower  Cretaceous  deposits  arc  stmJ 
characterised  by  an  abundance  of  Cycads,  Ferns,  and  Com 
the  first  of  these  in  particular  constituting  a  marked  feature 
die  vegetation. 

In  the  Upper  Cretaceous  period  we  have  the  first  ap 
in  any  quantity,  of  ordinary  Angiospcrmous  Exogens, 
those  which  predominate  at  the  present  day  in  the 
temperate  regions.     Besides  Ferns  and  Cycads  more 
allied  to  Jurassic  forms,  we  have  now  numerous  Dicotyli 
trees,  such  as  the  Oak,  Beech,  Fig,  Poplar,  Walnut, 
Alder,  &:c.,   belonging  to  familiar  genera   now  in 
Here,  also,  we  liave  the  first  appearance,  so  far  as  is  c 
known,  of  the  group  of  the  Palms. 

Of  the  vegetation  of  the  Tertiary  period,  it  is  suffident 
remark  here  that  now  there  is  a  marked  predomitkuict  d 
Angiospemious  Exogens  and  of  Endogens  as  compared  «n!k 
Cryptogams  and  Gymnosperraous  Exogens.  Not  only  is  tha 
the  case,  but  many  of  the  Tertiary  plants  approximate  dojciy 
to  existing  forms,  this  approximation  becoming  more  and 
marked  as  we  recede  from  the  Eocene  and  approach  the 
cent  period. 

Before  closing  this  brief  review  of  the  succession  of  pbflB 
upon  the  globe,  it  may  be  well  to  notice  shortly  a  geneialisi- 
tion  which  was  long  since  made  by  M.  Adolphe  BrongnuR 
This  distinguished  observer,  in  dividing  the  series  of  stratified 
deposits  in  accordance  with  the  fossil  plants  contained  in  tban, 
named  the  Palaeozoic  period  the  **  Age  of  Acrogens,*  ihc 
Secondary  period  (exclusive  of  the  Cretaceous)  the  "Agcot 
Gyranosperms,"  and  the  Cretaceous  and  Tertiar)*  periods  lh< 
"  Age  of  Angiosperms/'  This  generalisation,  though  still  a- 
pressing  a  general  truth,  can  only  be  accepted  with  cossida- 
able  reservation.  Gymnospemis,  and  even  Angiosperms  srt 
not  unknown  in  the  I'alseozoic  period  ;  and  if  the  Siu 
should  be  referred  to  the  former  group  of  plants,  then  ' 
Palaeozoic  period  would  have  as  good  claim  to  be  call 
**  Age  of  Gymnosperms  "  as  the  Secondary  period.  Agai 
pointed  out  by  Sir  Charles  Lyell,  the  Lower  and  Upper 
ceous  floras  differ  from  one  another  in  the  most  striking  ma 
the  Lower  Cretac^owa  ^^tt\ft%^sl^iw^Tes^ect  with  the  Juras 


t 

IS 


PRE-CARBONIFEROUS   FLORAS. 


477 


les,  whilst  the  Upper  Cretaceous  series  is  linked  on  by  its 
its  to  the  Tertiary  formations.  The  line,  therefore,  hetween 
Age  of  GjTTinosperras  and  the  Age  of  Angiospemis  must 
drawn  between  the  Lower  and  Upper  Cretaceous,  and  not 
le  base  of  the  Cretaceous  series. 


CHAPTER  XLIV. 
PRECARBOi\'IF£ROUS  FLORAS, 


[BRIAN  Plants. — The  Laurentian  and  Huronian  deposits 

tve  as  yet  yielded  no  remains  of  plants;  hut  the  occurrence 

graphite  in  large  quantity  in  the  former  of  these  would 

mgly  support  the  view  itiat  the  Laurentian  period  was  not 

Ithout  an  abundant  vegetation.     The  Lower  Cambrian  Rocks 

kve  yielded  many  so-called  '*fucoidb;"  but  these  are  almost 

^variably  to  be  referred  to  the  tracks  and  burrows  of  marine 

>mis.     The  only  apparently  unequivocal  plant  of  the  I^ower 

tbrian  period  is  the  ^t^/Ziy/^w  (fig.  378)  of  the  **  Fucoidal 

idstone"  of  Sweden. 

The  singular  fossils  referred  to  this  genus  consist  of  straight, 

wed,  and  striated  stems,  which  can  hardly  be  anything  else 

the  remains  of  plants.     The  affinities,  however,  of  these 

icient  fossils  are  quite  undetermined,  except  that  it  seems 

►retty  certain  that  they  cannot  be  referred  to  the  Alga. 

In   the    Upper  Cambrian   Rocks  (Potsdam  Sandstone)  of 

forth  America  occur  various  so-called  "  Fucoids  "  (Pahtophy' 

Szc)     The  true  nature  of  these,  however,  is  in  many  cases 

doubtful,  and  it  is  questionable  if  any  of  them  can  really 

regarded  as  plants. 

Here,  also,  we  may  briefly  consider  certain   remains  dis- 

►vered  by  the  author  in  the  Skiddaw  Slates  of  the  North  of 

igland,  a  formation  which  is  probably  referable  to  the  Uj)per 

Cambrian,  but  which  good  authorities  regard  as  belonging  to 

le  Lower  Silurian   series.     The   remains   in   question   were 

iginally  referred  provisionally  to  the  genera  Bu//iv/r^/>/fts  and 

ophyton^  and  the  fossils  which  led  to  the  former  determina- 

ion  appear  to  be  indubitable  plants.    They  are  thus  described 

ly  Dr  Dawson  in  a  note  communicated  to  the  author :  — 

Butkistrephis  Ifarknessii. — This  con«iists  of  wliat  have  l>e«)  cylindrical 

les,  given  off  from  a  central  stem,  and  producing  a  few  bmnchlets  in 

le  manner  of  Pinnularia.     Under  the  microscope  the  branches  show  a 
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vesiculnrstructure;  but  this  I  believe  to  haTC  been  produced bf  the' 
ing  out  of  minute  {^lobular  concretions,  proba.bly  of  ca.lc:Lre(nis  a 
appearances  are  rather  those  of  roots  or  slender  herbaceous  tfrau  ltaa| 
Al^.e.  If  found  in  the  Coal-measures  it  would  probably  be  reginlod  n) 
obscure  Ptnntdaria, 

2.  iiuihotrephh   radiatus. — This  shows  radiating  brancMet*  oc 
with  the  tiame  vesicular  structure  as  the  preceding,  and  harittc  n 
semblance  to  tlie  whorls  oK  AnmUaria^  though  wiihout  aiijf  midiib. 

It  is  nuite  possible  that  l»oth  of  the  nliove  may  l»clong  to  the  k 
[fa  land-plane,  allied  to  Annuiaria,  the  first  may  represent  the  nxKsori 
aquatic  stems,  and  the  second  its  whorls  of  leaves.      If  an  Al^i,  ll« 
may  represent  branching  fronds,  and  the  latter  the  fructificatioo.   Vt 
foriHL'r  suppoiiition,  they  may  be  compared  wilh  AnMulaha  AuyoTl 
Devonian,  and  the  radiating  root-like  bodies  associated  wilh  iL— (T>n 
*  Re|x>rt  on  Devonian  Flora.')     Under  the  supposition  that  the  plirw  jn 
Alg.v,  thcj-  may  be  compared  with  SphiTrocofciUs S*kurtMsnui  of  1j 
from  the  Lower  Silurian  (Etage  D.)  of  Bohemia,  though  they  do  aoi 
under  the  technical  definition  of  SLcmbcrg's  genus  SpiuerocacciUi, 


Fig.  378.— Fnffnent  of  Eopkytem  Linnrannm.     Lower  Cxabriait 


Silurian  Plants. — The  remains  of  plants  in  the  SiIuriM 
series  are  few  in  number  and  require  little  consideration.   In 
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I  -Lower  Silurian  Rocks  no  undoubted  traces  of  land-plants 
fC  hitherto  been  detected.  The  deposits  of  this  period, 
■rcver,  have  yielded  numerous  fossils  which  have  been  re- 
red  to  "  Fucoids/'  under  the  generic  titles  of  PaicFophycus^ 
trophycus^  Buthotrephis^  Fhytopsis^  SphcnotJiaUus^  &c.     Some 

these  appear  to  be  nothing  more  than  the  tracks  of  Annel- 
».  Others  appear  to  be  unquestionable  plants^  but  nothing 
sitive  can  be  stated  as  to  iheir  affinities.    They  may  be  Aigte^ 

they  may  belong  to  plants  higher  in  the  vegetable  scale, 
bjoined  is  an  illustration  of  a  characteristic  Canadian  species 
ibed  by  Mr  Billings  (fig.  379). 


Fig.  379.— iwn»M/»«i  OtttiiiMtcHJii.  a.  "  tucoui"  fruiii  ihe  IreniOB  Limeuone 
(Lower  SituriLn)  o(  Conatlx    After  Uilliogs. 

In  the  Upper  Silurian  Rocks  are  also  numerous  remains  ot 
Fucoids  "  {Arthrophycusy  DictuoHtcSy  Chotidnies^  Spirophyion, 
c),  which  do  not  differ  in  any  important  point  from  those  ot 
,e  inferior  division.  Some  of  these  can  hardly  be  anything 
It  true  plants,  and  would  certainly  seem  to  be  the  remains  of 
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genuine  Sea-weeds.  Besides  these  problematical  fciesili, 
ever,  the  Upper  Silurian  Rocks  have  been  shown  w  corn 
the  remains  of  genuine  knd-plants.  Thus,  remain  of 
Lycopodiaceous  genus  Lcpidodaidron  (Sagenaria)  have 
discovered  in  the  Upper  Silurian  of  Germany  and  Hohcmi 
At  the  summit  of  the  Upper  Silurian  series  in  Britain 
been  detected  numerous  seed-vessels  or  '*  sporangia  "  reft 
by  Hooker  to  a  Lycopodiaceous  plant  under  Uie  geochc  tzile* 
of  Piuhyihcca.  Lastly,  the  Upper  Silurian  of  North  Amoia 
has  yielded  remains  of  the  characteristic  Devonian  genus  Ps^ 
phyton^  which  will  be  described  immediately. 

Devonian  Plants. — The  plants  of  the  Devonian 
belong  to  the  groups  of  the  E^uhdiUcu  (Horse-tails), 
podiai€£Z  (Club-mosses),  Filias  (Ferns),  Sigillarioids,  am!  C^u- 
feres — the  whole  constituting  an  abundant  terrestriaJ  vcgcuiuL. 
Besides  the  above,  however — as  already  mentioned— the  rr 
mains  of  a  true  Angiospermous  Exogen  have  in  one  instinct 
been  detected  in  Devonian  strata  (Dawson). 

The  Equiseta€e(E  are  represented  by  species  of  the  remarkable 
genus  Oiiamitcs^  the  characters  of  which  will  be  briefly  spoloi 
of  when  treating  of  the  Coal-plants. 

The  Lycopodieu£(Z  are  represented  by  the  genera  Lefidode^ 
drortj  LycopodiUs^  Ltptopidmum^  Lepidophioios^  Cordaites^  tsA 
Psihphytotu  The  lx;pidodendroids  will  be  shortly  discussed 
under  the  head  of  the  plants  of  the  Carboniferous  series;  but 
CordaUes  and  PsUophyton  merit  special  notice  here.  The 
genus  Cotdaiies  is  common  both  to  the  Devonian  and  the 
Carboniferous  formations,  and  includes  broad,  striated,  paralld- 
veined  leaves,  which  are  extremely  abundant  in  certain  bodi 
They  possess  broad  clasping  bases,  and  may  attain  a  length  of 
a  foot  and  a  breadth  of  as  much  as  three  inches.  Their  affini- 
ties are  disputed;  but  they  are  regarded  by  Dr  Dawson  u 
referable  to  some  Lycopodiaceous  i>lant. 

The  genus  PsUophyton  of  Dawson  (fig.  380)  commences  ia 
existence  in  the  Upper  Silurian  Rocks  ;  but  it  is  chandcr- 
istically  Devonian,  and  is  not  known  to  be  represented  in  the 
Carboniferous  jieriod.  The  following  is  given  by  Dr  Dawsoo 
as  the  definition  of  the  genus  :— 

"  Stems  branching  dichotomously,  and  covered  with  inlcr- 
ruplcd  ridges.  Leaves  rudimcntar)',  or  short,  rigid,  and  pointijd 
in  barren  stems,  numerous  and  spirally  arranged;  in  fertile 
stems  and  branchlels,  sparsely  scattered  or  absent ;  in  dffW- 
ticated  specimens  represented  by  minute  punctate  scars.  Young 
branches  circinate  ;  rhizomata  cylindrical,  covered  with  biua 
or  ramenta,  and  having  circular  areoles  irregularly  disposed, 


^  -i^o-^-PiilofAjiom  prtmct^t  (Dawson),  a 
Rhtsotnc  ;  b  Stem;  e  Termination  of  a  branch; 
^  Vem^iiian  ;  t  Fructi5caiion.-  all  of  tbe  naturml 
:  g  Arcole  of  rbixome  enlarged  ;  h  Rcittnratiun 
of  the  pUnt,  reduced.     Devonian  of  Canada. 
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giving  origin  to  sleniler  cylindrical  rootlets.  Intenul  stnicturc 
— an  axis  of  scalarifomi  vesselSj  surrounded  by  a  cylinder  of 
parenchymatous  cells,  and  by  an  outer  cylinder  of  elongate*] 
woody  cells.  Fructification  consisting  of  naked  oi-al  <>\mc- 
cases,  borne  usually  in  pairs  on  slender  curved  pedicles,  cither 
lateral  or  terminal. " 

Species  of  Psihphyion  occur  all  through  the  Devonian  senes 
of  North  America,  and  they  arc  also  not  wanting  in  ihe()!<! 
Red  Sandstone  of  Britain.  The  genus  is  reganlcd  by  Pr 
Dawson  as  comprising  "sjTithetic  or  gcneralisod  plants,  having 
rhizomata  resembling  those  of  some  ferns,  stems  having  lv 
structure  of  Lycopoiiium,  and  rudimentary  leaves  also  roan- 
bling  those  of  Lycopoiiiacta^  branchlets  with  drcinatc  vhtb- 
tion  like  that  of  Ferns,  and  sj)orangia  of  a  type  quite  peculur 
to  themselves." 

The  Ferns  of  the  Devonian  period  are  very  numerous,  aod 
upon  the  whole  present  a  close  resemblance  to  those  of  the 
Carboniferous  period.  The  smaller  forms  are  represented  bj 
such  genera  as  Cyciopfrris,  Neuroptais^  Sphefwptms^  Akkif 
terisy  Pecopicris^  &c.  Besides  these,  however,  there  occur  the 
tnmks  of  large  Tree-ferns,  which  are  referred  to  the  %tvx:i 
Psaronius,  Cauhpta'isy  and  Proiopteris.  Subjoined  is  an  illuy 
tration  of  a  Fern  from  the  Devonian  of  Europe  (ng.  380- 

The  Si^i/hiruyiiis  of  the  Devonian  series  comprise  foma 
referable  to  the  well-known  genera  Sigiliaria  (with  Sti^miina) 
and  Ctiliintodendron  ;  though  the  affinities  of  the  last  arc  not 
well  understood.  The  characters  of  these  genera  will  l«c 
noticed  in  treating  of  the  plants  of  the  Carboniferous  series 

The  Cofii/ene  of  the  De\'onian  Rocks  belong  to  the  genera 
Dadoxyhfiy  Ormoxyhm^  and  Prototaxites.  All  of  these  \n 
exogenous  trees  witli  concentric  rings  of  growth,  and  the  two 
former  are  undoubtedly  Coniferous,  as  their  woody  tissue 
exhibits  discs  under  the  microscope.  Proioiax'Ues^  unlike  Iht 
preceding,  occurs  in  the  Lower  Devonian  series,  and  is  there- 
fore the  oldest  Exogenous  tree  at  present  known  to  us.  The 
woody  fibres  do  not  exhibit  punctations,  and  there  is  thep^ 
fore  some  doubt  as  to  the  exact  position  of  this  genus. 

In  addition  to  the  preceding  forms,  the  Devonian  Rixkslu»« 
yielded  examples  of  the  fossils  known  as  Siembergia^  Cyperih, 
Astcrophyiiites^  Artnuhir'ta^  Pinntdaria^  Cardiocarpon,  and  7b- 
goftocarpon.  Of  these,  the  genus  Stirrnbfrgia  comprises  rjiia- 
drical,  transversely-marked  fossils,  which  are  now  known  to 
be  nothing  more  than  the  casts  of  the  pith-cylinders  of  other 
plants.  They  seem  chiefly  to  belong  to  Conifers  of  the  genu* 
DadoxyioUt  hut  they  are  referable  also  to  Sigiliaria^  and  cttD 
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to  I^pidodatdrott,     When  the  plant  to  Mhich  they  belong  is 
itself  preserved,  there  is  no  difficulty  in  recognising  the  tnic 


Fig.  ^uSfhtHe^UrUUjcui.     Uevoaiatu 


nature  of  the  Sternbcrgim;  but  when  tlie  outer  wood  has  been 
denuded,  it  becomes  almost  impossible  to  determine  to  what 
pUnt  they  may  have  belonged.  The  genus  Cypcrites  comprises 
elongated  linear  leaves,  which  appear  truly  lo  be  the  leaves 
of  Sisiiiaria.  The  genus  AsUrophyHiUs  (fij;.  3S2)  comprises 
elegant  plants  with  ribbed  and  jointed  stems.  The  joints  of 
the  stems  give  off  verticils  of  leaves*  or  branch!  ets  bearing 
whorls  of  leaves,  which  are  narrow,  elongated,  and  fin-nished 
with  a  single  midrib.  This  genus  is  not  only  found  in  the 
Devonian  Series,  but  is  commonly  represented  in  the  Coal- 
measures,  to  which  the  species  here  figured  belongs. 

The  genus  Atwuiaria  comprises  plants  which  are  of  doubt- 
ful affinities,  but  which  possessed  slender  stems  bearing  at  in- 
tervals whorls  of  leaves.     The  Annuiaria  appear  to  have  been 
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floating  plants,  and  they  occur  in  both  the   Devomao  ia^ 
Carboniferous  formations. 


F%.  ^2.—A»ter0pkylUUt/eiiMUM.    CodHMUoRs.    (Afkor  Undies  lad  Hma) 

The  fossils  knowTi  as  Pinmtldriiz  are  slender  stem-like  bodici 
with  a  smooth  or  striate  surface,  producing  at  right  angles  loaj 
slender  branchlets.  The  genus  Pinnu/aria  is  r^arded  bf 
Dawson  as  being  founded  upon  the  roots  of  other  plants,  such 
as  Asterophyliites  or  CaUimiies, 

Lastly,  we  find  in  the  Devonian   Rocks    the   little  frinti 
known  as  Cardiocarpon  and  Trigonocarpon,  which  are  so  abun- 
dant in  the  Coal-n^easures.     The  Cardiocarpa  appear  raostlr 
to  have   been  winged  achenes  or  **  samaras  ;  **  but  it  Ls  not 
altogether  certain  by  what  plants  they  were  produced.     It  ij 
now  known,  however^  that  the  so-called  AathoIUhes  consists  (i 
a  spike,  bearing  Cardiocarpa  protected  by  bracts  ;  and  there  is 
a  considerable  probability  that  they  were  produced  bv  Sici!- 
larioid  trees,     lyi^on&carpon (t 
comprises    nut-like     fruits,   ot: ,  - 
considerable     size,     and    comraonlj 
three-  or  six-  angled.     The  exterior  d 
the  fruit  was  probably  fleshy,  and  «cl^ 
preserved  specimens  show  the  integi 
ments,  and  the  internal  cavity  atoot 
time  filled  by  the  albumen  n    ■ 
bryo.     Trigonocarpon  is  prob 
fruit  of  a  Conifer,  and  it  sho%\  • 
oided  resemblance  to  the  solitary  fruit  of  the  existing    \.:\    ' 
;;cnus»  Saiisburia.     Possibly,  however,  Dr  Dawson  is    iirr^ 
m  his  conjecture  that  most  of  the  Trigonocarpa  belonged  reoiii 
to  Sigillanoid  v^ants.  " 


imm.      Coal-mcasunoL 
Lindtey  and  Hutton.) 
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CHAPTER  XLV. 

THE   CARBONIFEROUS  AND  PERMIAN  FLORAS. 

ARBONiFERous  pLANTS. — The  most  extensive  and  the  best 
own  of  the  Palaeozoic  Floras  is  that  which  fiourisheiJ  during 
e   Carboniferous  period.      At  this  time  were  formed  those 
ast  accumulations  of  vegetable  matter  which  we   know  as 
//   and  much  of  our  infomialion  as  to  the  Carboniferous 
nts  is  due  to  the  value  of  coal,  and  to  the  vigour  with  which 
ioal-inining  has  been  prosecuted. 

Coal  consists  of  nearly  pure  carbon,  with  varjing  proportions  of  hydrogen 
Mid  oxygen  and  a  small  quantity  of  mineral  tiialler.  The  following  arc  the 
coacUisionii  arrived  at  by  Dr  Dawson  as  to  the  minute  structure  of  coal : — 
1,  Tlie  su'CalleU  '*  mineral  diarcoal  "  or  "  mother  coal  "  consists  chiefly  of 
••  bast-tissue  "  or  of  elongated  cell*  derived  from  the  inner  lark  of  SipIIaria 
and  I^idodatdra,  2,  Decides  the  above,  the  mineral  charcoal  contains  in 
many  instances  scalariform  tissue  ticrivcd  from  Ferns,  Sigillariit^  L^ido* 
dendra,  &c.  3.  The  coarse  and  l.-iminatc(.l  portions  of  the  coal  are  made 
np  of  vascular  bundles  derived  apparently  in  Uie  niain  from  Ferns,  along 
with  other  vegetable  fragments,  and  in  some  cases,  though  not  to  a  great 
extent,  the  spurani^ia  of  some  of  the  Carlxinifcrous  Cr)ptogum!i.  4.  In 
many  parts  of  the  coal  occur  dUcigcrous  or  punctated  woody  fibres,  be- 
longing to  Dadasyhfif  SigUIaria^  and  CaUtmodendron,  5.  A  cotuiderable 
portion  of  the  coal  is  made  up  of  "epidermal  tissue,"  which  is  ''a  dense 
cellular  tissue  representing  the  outer  integuments  of  various  leaves,  hcrba- 
ceotu  stems,  nml  fruits."  6.  The  laycis  oi  bright  shining  coal  are  com- 
posc<l  of  the  flattened  stems,  and  chiefly  of  the  bark,  of  Sigillaria  and 
other  trees.  7.  Some  layers  of  coal  are  occasionally  composed  mainly  of 
the  compressed  leaves  of  CordaiUs.  8.  Sporangia  are  often  present  In 
coal  ;  but  they  rarely  exist  in  such  a  proportion  as  to  any  extent  actually  to 
form  the  coal  themfjclves.  • 

As  has  been  already  observed,  the  types  of  plants  which 
are  found  in  the  Carboniferous  Rocks  are  to  a  great  extent 
identical  with  those  which  composed  the  Devonian  flora. 
SpfcijU'iiily,  however,  the  coal-plants  are  almost  always  distinct 
from  the  Devonian  forms.  The  number  of  plants  already 
known  to  have  existed  during  the  Carboniferous  period  is  so 
great,  that  nothing  more  can  be  done  here  than  to  draw  the 
attention  of  the  student  to  some  of  the  more  important  and 
characteristic  types. 

a.  FiiUes.  —  The  Ferns  of  the  Carboniferous  period  are 
extremely  numerous,  and  include  both  herbaceous  forms  like 
the  majority  of  existing  species,  and  arborescent  forms  similar 
to  the  living  Tree-ferns  of  New  Zealand.  The  latter  belong 
to  the  genera  Psaronius^  Cauiopteris^  and  Paiuopteris^  of  which 
the  two  former  occur  in  the  older  Devonian  period.     Of  the 
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smaller  ferns,  the  genera  Sphenopteris^  Pecopttris^  AMoftms^ 

OdotUopteris^  N^mropteris^  Hymenop/ty/iifcs,  and  C\: 

be  mentioned  as  the  most  important  and  widely 

In  the  genus  Neuroptcris  (fig.  384)  the  midrib  of  the  ladcts  h 


Fig.  TJ^—Xmre^terit  hetfrepkyUa.     CcoJ-mea&urcA  or  Europe.     Tlie  Icnrcr  ficurt 
&hows  a  sinclc  leaflet  cnlarsnl. 

evanescent,  either  not  distinct,  or  disappearing  towanis  tbc^ 
apex.     Species  of  this  genus  are  found  in  the  Coal-fom)atiQ|^| 
over  almost  the  whole  world.     In  Aidhopteris  the  leaflets  air^ 
attached  by  their  bases  to  the  stem  and  to  one  another,  and 
are  provided  with  a  very  distinct  midrib  from  which  the  veins 
are  given  off  nearly  at  right  angles.     The  commonest  s[>aR^ 
is  the  cosmopolitan  AlethopU-ris  (Pecoptcris)  lottchtiiah  *hi< 
nearly  resembles  the  living  Brackena  (P/sris  a^ui//mi).     Neai 
allied  to  Aidhopteris  is  the  geuus  PecoptcrU,  which  includes 
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larfje  number  of  characteristic  Carboniferous  species.  In 
C>iiantopicris  (fig.  385)  the  frond  is  pinnate,  the  leaflets  being 
attaehed  by  their  entire  bases,  ami  the  veins  are  generally 
given  off  from  the  base.  The  species  here  figured  is  a  widely- 
distributed  one,  occurring  in  both  Europe  and  North  America. 


.i\   ^li 


V 


tiK.ifflUllniH. — .ifiRih-    ^iflhini'j 


■j^^—OdeHt^pterU  Siki^iktimii.     Carbon ifcruu»  uf  Europe  and  Nortlt  America. 


3n  ihe  genus  SphenoptMs^  the  leaflets  are  narrow  towards  their 
'Y>ase5,  often  assuming  a  wedge-like  form,  the  nervures  dividing 
■in  a  pinnate  manner  from  the  base. 

Lastly,  in  the  genus  HytnettophyHites  the  frond  exhibits  a 
general  resemblance  to  Sphcnopteris^  but  the  margin  is  divided 
into  lobes,  into  each  of  which  a  single  nervurc  is  continued. 

b.  Ca/ami/rs.— Amongst  the  commonest  and  most  charac- 
teristic of  the  plants  of  (he  Carboniferous  period  are  the 
striated  fossils  which  are  known  as  Calamites,  Long  as  these 
have  lx?en  known,  and  carefully  as  they  have  been  studied, 
there  is  still  no  unanimity  of  opinion  as  to  the  affinities  of 
these  T)lants.  The  prevalent  modern  view,  however,  is  that 
Calamites  are  truly  referable  to  the  Equisetacetty  and  that  they 
may  be  regarded  as  gigantic  Horse-tails — though  they  diff^er 
in  many  respects  from  any  existing  forms.  The  CtthmiUs 
were  "  slender,  ribbed,  and  jointed  externally,  and  from  the 
joints  there  proceeded,  in  some  of  the  species,  long,  narrow, 
simple  branchlets;  and,  in  others,  branches  bearing  whorls  of 
small  branchlets  or  rudimentary  leaves.  The  stem  was  hollow, 
with  thin  transverse  floors  or  diaphragnis  at  the  joints,  and  it 
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had  no  true  wood  and  bark,  but  only  a  thin  cxtertal  sht 
fibres  and  scalariform  vessels.    The  CalamiUs  grew  in 


s  # 


'"'K-  ^^^.--Cattkmitet  €*mtutffrmU.    Corbotuferoiu  of  Europe  uid  Nortk . 


brakes  on  the  sandy  and  muddy  flats,  subject  to  inundation, 
or  perhaps  even  in  tlie  water,  and  they  had  llie  power  (rf 
budding  out  from  the  base  of  the  stem,  so  as  to  forai  dmnp* 
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plantSj  and  also  of  securing  their  foot-hold  by  numerous 
■d-like  roots  proceeding  from  various  heights  on  the  lower 
t  of  the  stem.  The  fruit  was  a  long  cone  or  spike,  bearing 
Jre<ases  under  scales"  (Dawson,  Acadian  Geology,  p.  441). 
sides  the  true  Ctj/ami/es,  the  Carboniferous  Rocks  have  also 
:lded  the  remains  of  the  genus  Equisetites^  which  differed 
tm  the  Calamiks^  and  agrees  with  the  existing  Horse-tails 
having  sheaths  at  the  joints. 

Catamites  often  attain  a  comparatively  gigantic  size — twenty 
5t  or  more  in  length ;  and  though  they  generally  occur  as 
Ostrate  and  flattened  stems,  they  are  not  uncommonly  found 
an  erect  and  uncompressed  condition,  standing  as  they  grew, 
he  fossils  known  as  AsUrophyUites  have  been  referred  to 
liamiteSy  of  which  they  were  at  one  time  supposed  to  consti- 
le  the  foliage;  but  this  opinion  has  been  shown  to  be  pro- 
bly  incorrect. 

c  Cal4.jmodendrou. — A  good  deal  of  the  confusion  %vhich  has 
availed  as  to  the  tnie  nature  of  CaiamiUs  appears  to  have 
sen  out  of  the  problematic  fossils  now  generally  referred  to 
t  genus  Cahimodmdnm,  As  ordinarily  found,  Caiatnodmdra 
tsent  themselves  in  the  form  of  jointed  and  longitudinally- 
bed  cylindrical  stems,  which  are  hardly  separable  from 
damittSy  except  that  they  show  no  "areoles,"  or  points 
cnce  leaves  or  branchlets  have  been  given  off.  From  the 
uninationj  however,  of  complete  specimens,  it  has  been 
>wn  that  Caiamodcndron^  as  thus  constituted^  is  really  nothing 
*re  than  the  cast  of  the  i)ilh  or  medullary  cavity  of  a  cora- 
■^  woody  stem,  thus  resembling  in  its  nature  the  fossils 
D^'n  as  Sternbcrgia.  Round  the  internal  axis  thus  consti- 
cd  there  is  found  in  perfect  examples  a  thick  woody  envel- 
*,  comixjsed  of  ligneous  wedges  arranged  concentrically  and 
*a4^led  by  inter\'ening  tracts  of  cellular  tissue  (or  "  medul- 
la rays").  The  external  surface  of  the  stem  is  not  known, 
•  the  woody  wedges  are  stated  to  consist  of  "elongated 
Is,  and  porous,  discigerous,  or  pseudo-scalariforra  tissue." 
e  affinities  of  Cahimodauiron  are  uncertain.  It  is  regarded 
tiifferent  authorities  as  belonging  to  the  G)'mnospermous 
Ogens  or  to  the  Acrogens,  or  as  a  connecting  form  between 
Se  groups.  In  any  case,  it  is  necessary  to  distinguish  very 
efully  between  Cahmodctidron  and  Cahmiies,  the  latter 
tig  clearly  separated  by  the  absence  of  a  woody  enveloi>e, 
1  the  presence  of  whorled  leaves  or  branchlets  at  the  arti- 
ations  of  the  stem. 

t.  lApidikimdroids, — Under  this  head  we  have  to  consider 
t  genera  LepUUderuiron  and  Lepidophioios^  generally  regarded 
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as  gigantic  extinct  members  of  the  Club-mow  familv  (. 
diac,<,y     The  genus  L^dmimdron  (fig;  387)  comfWs 


J^ie   "^t-^Le^iiiadcndraH  Strruhtrgii.     CvUmifiiniuc. 

rous  large  arborescent  plants,  which  attain  their  maximt] 
the  Carboniferous  period,  but  which  appear  to  commcw 
Uie  Upper  Silurian,  and  arc  well  represented  in  the  Devoi 
I  he  trunk  in  some  cases  reached  a  length  of  fifty  feel  or 
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the  branches  are  given  off  in  a  regular,  bifurcating  manner. 

bark  is  marked  with  numerous  rhombic  or  oval  scars, 
aged  in  quincunx  order,  and  indicating  the  points  where 
K&  were  formerly  attached.      Tlie  branches  were  covered 

slender,  pointed  leaves,  closely  crowded  together;  and 
fructification  was  carried  at  the  ends  of  the  branches  in 
form  of  cones  or  spikes.  These  cones  have  generally  been 
:ribed  under  the  name  of  Lepidosirobi ;  and  they  consist  of 
ntral  axis,  surrounded  by  imbricated  scales  or  bracts,  each 
'hich  supports  a  sporangium  or  sjjore-case. 
1  internal  structure,  l^pidodeminm  possesses  a  large  cen- 
pith,  surrounded  by  a  continuous  sheath  of  scalariform 
els.  Outside  thLs,  again,  is  a  thick  bark,  composed  mainly 
'ongated  fibres  or  "bast-lissue,"  with  a  thin  dense  outer 

le  genera,  orsub-genera,»S;a;^rv(7ntf ,  Knorria^ViW^  Aspidiaria^ 
>roperly  to  be  referred  to  Lfpidodemiron.  The  genus  Le- 
Aioios^  however,  is  represenie<l  in  both  in  Devonian  and 
Oniforous  Rocks  by  forms  which  are  generically  distinct 
LepidiHiendnm.  Tlie  genus  includes  Lycopodiaceous 
■%'hich  have  "thick  branches,  transversely  elongated  Icaf- 
,  eath  with  three  vascular  points,  and  placed  on  elevated 
ale-like  protuberances,  long  one-nerved  leaves,  and  large 
fcl  strobiles  in  vertical  rows  or  spirally  disposed"  (Daw- 

Stgii/artoids. — The  three  chief  genera  included  under  this 
are  StgiUtina,  RhytidoUph,  and  Fa7'uUiria^  of  which  the 
is  the  most  important.  The  Si;iillnrioids  commence  their 
cnce,  so  far  as  known,  in  the  I  Devonian  period,  but  they 
n  their  maximum  in  the  Carboniferous;  and — unlike  the 
dodendroids — they  are  not  known  to  occur  in  the  Per- 
I  period.  They  are  comparuively  gigantic  in  size,  often 
oing  a  height  of  from  thirty  to  fifty  feet  or  more;  but 
gh  abundant  and  well  presen'ed,  great  divergence  of 
ion  prevails  as  to  their  true  affinities.  The  mvne  of  Sigil- 
ids  (Lat.  sigi/ia^  little  seals  or  images)  is  derived  from  the 
that  the  bark  is  marked  with  seal-like  impressions  or  leaf- 

» (fig-  388)- 

ccording  to  Dawson,  Sigd/ana  proper  is  distinguished  by 
;trong  ribs,  "  which  are  usually  much  broatler  than  the 
or  elli[>tical  tripunctaie  areolcs,  and  are  strinted  longi- 
jally."  The  stem  consists  of  a  central  pith,  which  is  trans- 
sly  partitioned,  as  in  the  so-called  S/trnbtrgiir.  The  pith 
irrounded  by  a  woody  cylinder,  consisting  of  ligneous 
{cs,  composed  of  punctated  (discigerous)  and  scalariform 
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vessels,  and  separated  by  medullary  rays.  Outside  the 
axis  is  nn  inner  bark  composed  of  long  durable  filtfct 
"  bast-tissue/'  the  whole  surrounded  by  a  thick  ouier  turki 
dense  cellular  tissue.  *'  The  trunk  when  old  lost  iis  r 
ribs  and  scars,  owing  to  expansion,  and  became  furrowed 
that  of  an  Exogenous  tree."  The  roots,  as  v.i\\  be  seen 
mediately,  constitute  tlie  fossils  known  as  Stigmaria, 


» 


% 


Fig.  388 — Frafiinent  of^'v^y/rtriVi  Cnrirri.     l*lie  Icrt-band  figure  &l»vt  a  m^ 
purtion  enlarged-    Cirhonifcrout. 

leaves  are  believed  to  be  the  so-called  Cy/*rn/rs,  long,  namnr, 
rigid,  and  two-  or  three- nerved.  The  fruits  are  supposed  to 
be  TrijgomKiirpa^  "  borne  in  racemes  on  the  uj^pei  part  of  the 
stem."  Upon  the  whole,  Dr  Dawson  is  disjjosed  lo  adopt  the 
view,  originally  put  forth  by  Rrongniart,  that  the  Stgi/ltim 
find  their  nearest  living  allies  in  the  Cy cads,  and  that  if  w* 
actually  referable  to  the  Gymnospermous  Exogens,  they  mijr 
be  intermediate  between  these  and  the  higher  Acrogcns. 

Mr  Carruthers,  on  the  other  hand,  describes  Sixi^Iaria  » 
consisting  of  a  central  cellular  pith  or  medulla,  surrounded  I17 
a  sheath  consisting  wholly  of  scalarifomi  vessels,  the  wlxdc 
enveloped  in  an  external  cortical  mass  of  cellular  tissue.  The 
medullar)'  sheath  is  perforated  by  meshes  for  the  passage  o«t 
wards  of  the  vascular  bundles  which  go  to  the  axial  apj 
(the  leaves  and  branches);  but  there  are  no  true  mc 
rays.  Upon  these  grounds,  Mr  Carruthers  decides  against 
the  view  that  S/j^V/aria  is  a  Gymnospermous  Exogen,  and  he 
regards  it  as  Cr)'ptogamic  and  Lycopodiaceous.     He  also  dii- 
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Its  the  assertion  that   discigerous  tissue  is  present,  and 

ibes  the  fruit  as  consisting  of  cones  or  strobiles. 

Leaving  the  botanical  position  of  Sigi/fdria  thus  undecided, 

find  tliat  it  is  now  ahnost  universally  conceded  that  the 

lis  originally  described  under  the  name  of  Sirpnarta  are 

roots  of  Sigi/hiria^  the  actual  connection  between  the  two 

Iving  been  in  numerous  instances  demonstrated  in  an  un- 

istakable  manner.     The  Sti^mariie  (fig.  389)  ordinarily  pre- 

il  themselves  in  the  form  of  long,  compressed  or  rounded 


Kig.  ^%^.~StigmanaJ(tai^t.     Quutcr  natural  axe.     Cu-bonirettjui. 

^"^*^ments,    the   external   surface  of   which   is   covered   with 

^xinded  pits  or  shallow  tubercles,  each  of  which  has  a  little 

*t  or  depression  in  its  centre.     From  each  of  these  i»its  there 

■*~oceeds,  in  perfect  examples,  a  long  cylindrical  rootjet ;  but 

^^^   many  cases   these   have   altogether  disappeared.       In    its 

^*>tcmal  structure,  S/i^ntaria  exhibits  a  central  pith  surrounded 

^^y  a  sheath  of  scalariform  vessels,  the  whole  enclosed  in  a 

Cellular  envelope.     The  Stigmariie  are  generally  found  ramify- 

i    **Jg  in  the  "underclay,"  which  forms  the  floor  of  a  bed  of  coal, 

C   ^nd  which  represents  the  ancient  soil  upon  which  the  Si^Uaria 

%revr. 

C>^  the  remnining  genera  of  the  Sigillarioids,  Rhytuiohpis  is 
tJ  %he  most  important.  It  is  characterised  by  the  possession  of 
lar^e,  hexagonal,  tripunctate  areoles,  and  narrow,  often  trans- 
versely striate  ribs.  In  Favularia^  lastly,  the  smaller  branches 
•were  destitute  of  ribs,  ^vith  elliptical,  spirally-disposed  areoles. 
The  stem  branched  dichotomously — like  that  of  a  Lrpidodcn- 
tiron — and  the  leaves  were  broad,  with  numerous  parallel  veins, 
approximating  to  the  leaves  of  Cordaites. 

J.  Conifera. — True  Conifers  have  long  been  known  to  occur 

in    the  Carboniferous   Rocks.      They  belong   to   the   genera 

adoxyion^  PaJaoxylon,  Arattcarioxylon^  and  Pmites,     They 
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are  recognised  by  the  great  size  and  concentric  rings  of 
prostrate,  rarely  erect  trunks,  and   by  the  fact  that  the 
scope  exhibits  punctated  fibres  in  their  wood.     Their 
unknown,  unless,  as  is  very  probable,   it  is  conslitiHc4 
so-called  Trigonocarpa.     If  this  be  the  case,  the  ("'ari'cc 
Conifers  must  have  been  "  Taxoid,"  resenib' 
Yews  in   producing  berries  instead   of  true  ( > 
called  SS(rtthetf^i{7,  as  has  been  already  pointed  out,  .ire'pi 
cyUnders/'  or,  in  other  words,  casts  of  the  pith,  of 
They  appear,  however,  to  belong  also  to  St^V/aria  sod 
/t/t/ohs, 

j;.  Cycadacea.  —  The  peculiar   group    of  GmnoepcnffOi 
Exogcns  represented  at  the  present  <lay  by  the  Cycadsi* 
known  with  certainty  to  be  represented   in   tlie  Caiboi 
Rocks.     Na-ggerathia  has  been  referred  here,  and  the 
daceous  genus  Ptrrophyilum  has  also  been  alleged  to 
Brongniart  has  also  conjectured  that   the  Si^i- 
reality  most  nearly  allied  to  the  Cyca4ia<(a  ;  air: 
is  supported  by  other  high  authorities. 

//.  Aft^ospcrmous  Excgms. — The  occurrence  of  true 
sperms   in   the  Carboniferous  period   is  very  doubtfiiL 
Exogenous  wood  which   is   not  Coniferous  has  been  i$ 
detected.     The  fossil  known  as  Antholiihes^  which  was  at 
time  conjectured  to  be  possibly  the  infloresence  of  an 
giosperm,  has  now  been  shown  to  be  really  a  raceme 
the  fruit  termed  Cardmarpon ;  and   it  remains  an 
what  plant  this  really  belongs. 

/.  Moftocofyicdons.  —  The  occurrence  of  Endogens  In 
Coal-formation  is  also  attended  with  some  uncertainl)'. 
genus  Nirggerafhia  has  sometimes  been  referred  to  the  Pali^ 
and  the  same  group  has  been  asserted  to  be  represcnteti  W 
species  oi  Palmadtcs.  The  only  apparently  unequivocal  pnx<' 
of  the  occurrence  of  Carboniferous  Endogens  is,  howntr. 
afforded  by  the  so-called  Pothocites,  which  appears  tD  hin 
been  the  s])adix  of  an  Aroideous  plant. 

pEkMiAN  Plants. — The  Permian  Flora  is.  upon  thcwhck. 
ver}'  nearly  allied  to  that  of  the  Coal-measuresi,  tltou^fa  the 
Permian  species  are  mostly  distinct,  and  there  are  some  nc» 
genera.  'I'hus,  we  fmd  species  of  Lrpidod^tdron^  Csktxia, 
Rquhdiks^  AsternphyUiUs^  Anfiidaria^  &c. — all  genera  whidi 
are  highly  characteristic  of  the  Carboniferous  period.  On  tfcs 
other  hand,  the  Sigillarioids  of  the  Coal  appear  lo  have  finiltT 
passed  away  with  the  close  of  the  Carboniferous  period. 

Ferns  are  abundant  in  the  Pennian  Rocks,  and  belong  U 
the  most  part  to  the  well-known  Carboniferous  genera  Aiiff^ 
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r^  NeuropUris^  Sphmopieris^  and  Pecoptcris.     There  are  also 
-ferns  referable  to  the  genus  Fsaronius.      The  singular 


jTig.  •^i.^Wakkia  ^»if»rmis ;  o  Hranrh  ;  *  Iwig,     From  the  Penalan  of  Samny. 
(After  Gutbicr.  > 

The  Conifers  of  the  Permian  period  arc  numerous,  and 
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belong  in  part  to  Carboniferous  genera.      A  chincte 
genus,  howev'er,  Ls  Wa/chia  (fig.  391),  distinguished  by  its 
short  leaves.     This  genus,  though  not  exclusively  P( 
mainly  so,  the  best-known  species  being  the  IV,  pinifdi 
Here,  also,  wc  meet  with  Conifers  which  produce  tnic 
and  which  differ,  therefore,  in  an  important  respect  froml 
Taxoid  Conifers  of  the  Coal-measures.       One  of  the 
characteristic  of  these  is  the  i/7/mariia  seiaginoidcs^  whichj 
curs   in  the   Magncstan  Limestone  of   Durham,  the  Mi 
Permian   of    Westmorland,    and    the    "Kupfer-schicfcr"! 
Germany. 


CHAPTER    XLVL 

FLORAS  OF  THE  SECONDARY  AND   TERTIAR\ 
PERIODS. 

Trussic  Plants.  — With  the  Trias  we  commence  what 
been  aptly  termed  the  "Age  of  Cycadis,"  from  the  pr 
nance  of  the  plauls  of  this  group  in  the  Mesozoic  vt^el 
The  Cycads  arc  a  group  of  Gymnospemaous    Exogcns. 
form  and  habit  of  growth  of  which  jjresent  consideniblel 
semblance  to  those  of  young  Palms  (fig.  392).     The  trunk 


>^ 


Fig.  J9a. — Zamia  sfiratU,  a  liviiig. 


-ViutnUa. 


unbranclied,  often  shortened,  and  bearing  a  crown  of  pint 
fronds.  The  leaves  are  usually  "circinalc'' — that  is,  ihe\  un- 
roll in  expanding,  like  the  fronds  of  Ferns.  The  ovules  ire 
borne  upon  the  edge  of  altered  leaves,  or  are  carried  on  tlic 
scales  of  a  cone.      All  the  existing  species  of  Cycads  «K 
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of  warm  countries,  occurring  in  South  America,  the 

Indies,   Japan,   Australia,    Southern    Asia,    and   South 

As  has   been  already  remarked,   the  occurrence  of 

Cyratls  in  the  Carboniferous  vegetation  has  not  been 
rtistrated,  arid  the  same  holds  good  of  all  the  Palaeozoic 

True  Cycads,  therefore,  so  far  as  known,  make  their 
appearance  in  the  Trias,  at  the  commencement  of  the  Me- 
lozoic  period,  where  they  are  represented  by  the  genera  Ptao- 
^yiium^  Zdjmitcs^  and  Pothzatnitcs.  Cycads  continue  to  be 
ibundantly  represented  throughout  the  whole  Mesozoic  scries; 
twt  they  have  only  been  detected  by  a  single  dubious  example 
in  strata  of  Tertiary  age.  The  name  *'  Age  of  Cycads,"  as 
ipplicd  to  the  Secondary  epoch,  is,  therefore,  from  a  botanical 
point  of  view,  an  exceedingly  appropriate  one. 

Besides  Cycads,  the  Triassic  Rocks  have  yielded  the  re- 
mains of  Ferns,  Equisctites^  Cabmites,  and  Conifers.  The 
Ferns  belong  mostly  to  the  genera 
Nfuropteris^  PccopUris^  AcrostichiUs^ 
CrentaiopierU^  Cychpicrisy  and  Aim- 
it0ft£ris.  A  characteristic  species  of 
be  first  of  these  is  figured  below 
Bg-  393)-  '^^^  Conifers  of  the  Trias, 
istiy,  are  abundant,  the  most  char- 
Cteristic  genus  being  Voltzia.  This 
enus  is  related  to  the  existing  Cy- 
presses, and  many  species  of  it  are 
9UDd  in  the  Triassic  Rocks. 


..---^ 


Fig-  393  — NtMitt^xeris  flegans.     Tria*. 


^■URASSic  Plants. — Taken  as  a  whole,  the  Jurassic  period 
^characterised  by  the  prevalence  of  Ferns,  Cycads,  and 
Conifers  ;  no  Palms  or  Angiospcnnous  Exogens  having  been 
S  yet  shown  to  occur. 

The  Cycads  are  extremely  abundant,  and  belong  chiefly  to 
be  genera  Pierophyllum^  OtozamiieSy  Zamitcs^  Buckiantiiay  Cms- 
ozamh^  WiHiamsonia^  MantelUa^  &c.      The  *'  dirt-bed,"  as  it 

2  \ 
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is  called,  of  the  Purbeck  beds,  consists  of  an  ancient 
which  stand  erect  the  trunks  of  Conifers  and  the  stc 
Cycads  of  the  genus  AfanUlIia  (fig.  394).      The 


Fif.  394.  —.Manttiiia  {CycmilfoidemymHptUfAylla,  a.  Cycail  Irtnn  iW 
"  dirt-bed/*    Upper  Oolites. 


Fig.  395- — Cenicfttrit  Mumyama.     Great  Oolite 

Cycads  occur  also  in  great   abundance  in  x-arious  Ji 
strata,  especially  in  the  lower  portion  of  the  series; 
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ewise  have  been  in  some  instances  preserved.  The 
are  represented  by  various  genera  more  or  less  nearly 
o  the  present  Arattcariigy  and  cones  have  been  in  a 
ances  detected. 

r  occur  very  abundantly  in  the  Jurassic  series,  the 
nest  genera  being  Coniopieris  (fig.  395),  OdotUopt^is 
)6),  Sphenopteris,  Cychpteris,  PhUbopteriSy  Peci^teris, 
Hies,  PoihypteriSy  and  Taniopteris^ 
Igens  are  by  no  means  unknown  in  the  Jurassic  series, 
no  representative  of  the  group  of  the  Palms  has  been 
letccted.  Amongst  the  most  important  of  the  Oolitic 
:ns  may  be  mentioned  the  Aroideous  fruit  described  by 
rruthers  under  tlie  name  of  Aroides  Stutterdi^  and  the 
jiown  as  Piuiocarya  and  Kaidtuarpum,  both  of  which 
to  the  living  order  of  the  Pandanea  (Screw-pines). 


F'lg-  yt/^—OJomUpierit  cy<adta.    Lower  Liu. 

pTACEous  Plants.  —  The  Lower  Cretaceous  Plants 
resemble  those  of  the  Jurassic  period,  consisting 
of  Ferns,  Cycads,  and  Conifers.  The  Upper  Creta- 
iocks,  however,  both  in  Europe  and  in  N'orth  America, 
ielded  an  abundant  flora  which  resembles  the  existing 
ion  of  the  globe  in  consisting  mainly  of  Angiospermous 
IS  and  of  Monocotyledons.  In  Europe,  the  plant-re- 
in question  have  been  found  chiefly  in  cwUvcv  v^^'vcl 


the  neighbourhood  of  Aix-la-Cliapelle,    and  they  con^i'^t  (i 
numerous  Ferns,  Conifers  (such  as  CyctuLypteris)^  Sere*  ■ 
(^Pandiimts\   Oaks  (Quercus),  Walnut   i^JujgltiHS)^  Fig  {1 
and  many  ProUacctt^  some  of  which   arc   referred  to  c\ 
genera  (Dryandniy  Banksia,  Grct'tl/ta,  &c.) 

In  North  America,  tlie  Cretaceous  strata  ot  New  J( 
Alabama,  Nebraska,  Kansas,  &c.,  have  yielded  thercnuinsi 
numerous   plants,  many  of  which  belong  to  existing 
Amongst  these  may  be  mentioned  Tulip-trees  {LtrMti(ndrm\ 
Sassafras  (fig.  397),  Oaks  (Qucrcus),  Beeches  (/''a^us), 


Fig.  307- —  Cretaceous  Anj^ospcmu.— a,  Satsnjhu  Crf4^t'r^Mm  :    *, 
iittJrii;  r,  LtgumiiuaUtt  Marcounmtui  V,  Saiix  Atttkii.    (Aft 

trees  {Platanus),  Alders  {Alnus),  Dog-wofKl  ( Coftius),  \Villa*<] 
{Salix),   Poplars   {Populus),  Cypresses  {Cupressus\   Bald  0 
presses  {TaxoMHm\  Magnolias,  &:c     Besides  these,  howCT« 
there  occur  other  forms  which  have  now  entirely  dis3p{ 
from  North  America — as,  for  example,  species  of  Ciimam 
and  Arancaria. 

EocE^t  YucsTs— TVv^  ^\Mvts  of  the   Eocene  period 
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oximate  on  the  whole  to  the  existing  vegetation  of  the  earth. 
licy  are,  however,  in  the  main  most  closely  allied  to  forms 
llich  now  are  foiind  in  tropical  nr  sub-tropical  regions.  In 
e  London  Clay  occur  numerous  fruits  of  Palms  {JVi/a/f/fes, 
f,  398),  along  with  variovis  other  plants^  most  of  which  in- 
catc  a  warm  climate  as  prevailing  in  the  South  of  England 
the  commencement  of  the  Eocene  perioiJ.  In  the  Eocene 
rata  of  North  America  occur  numerous  plants,  such  as  Palms, 
onifers,  Magnolia,  Cinnamon,  Fig,  Dog-wood,  Ma|)Ie,  Hick- 
y.  Poplar,  Plane-trees,  &c.  Upon  the  whole,  the  Eocene 
)ra  of  Nortli  America  is  nearly  re- 
ted  to  that  of  the  Miocene  strata 

Europe,  as  well  as  to  thai  now 
listing  in  the  American  area.  We 
ay  conckule,  therefore,  that  *'  the 
rests  of  the  American  Eocene  re- 
^mbled  those  of  the  European  Mio- 
me,  and  even  of  modern  America" 
>ana). 

Miocene  Plants. — Tlie  deposits 
'  the  Miocene  period  have  yielded 
k  extraordinarily  large  number  of 
lants,  only  a  few  of  the  more  im- 
3rtant  of  which  can  be  indicated 
•re.     Our  chief  sources  of  infurraa- 

3n  as  to  the  vegetation  of  the  Miocene  period  are  derived 
Dm  the  Brown  Coals  of  Germany  and  Austria,   the  Lower 


"Loodoii  Clay  or  Shcp- 


Fig.  399.— Miocene  Palnit.     A.  Cknm^re^s  Jltlv*tua;  B,  Sahal  mt^. 
Lower  Miocene  of  Swiuerland  and  France. 

id  Upper  Molasse  of  Switzerland,  and  the  Miocene  strata  of 
reenland.    The  lignites  of  Austria  have  yielded  very  nunier- 
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plant-remains,  chiefly  of  a  tropical  character;  cue  of  the 
tost  noticeable  forms  being  a  Palm  of  the  genus  Sdha/  (fig 
399,  B),  now  found  in  America.  The  plants  of  the  lo«a 
Miocene  of  Switzerland  are  also  mostly  of  a  tropical  characta, 
but  include  several  forms  now  found  in  North  America,  such 
as  a  Tulip-tree  (Liriodefuiron)  and  a  Cypress  {Taxoditm), 
Amongst  the  more  remarkable  forms  from  these  beds  may  be 
mentioned  Fan- Palms  {Chatmsrops^  fig.  399,  A),  numoxna 
tropical  ferns,  and  two  species  of  Cinnamon.  Tlie  plant- 
remains  of  the  Upper  Molasse  of  Switzerland  indicate  an 
extraordinarily  rank  and  luxuriant  vegetation,  cofniioscii 
mainly  of  plants  which  now  live  in  warm  countries,  hass^ 
the  commoner  plants  of  this  formation  may  be  enutDcrated 
many  species  of  Maple  (Acer),  Plane-trees  (Piatan%is,  fig.  400J, 
Cinnamon-trees,  and  other  members  of  the  Ltturai^a^  many 
species  of  Prokaaa  [Batthia,  GreiniUa^  &c)j  several  5j>cdej 
of  Sarsaparilla  (Smilax\  Palms,  Cypresses,  &c 


b   The    core    of  a   bundle    of 


L«ir: 

pericarps .  c  A  itinelc  fniit  or  peri 

carp,  natural  &tie.    Upper  Miocene. 


Leaf ;  *•  riowa.  V|f« 
Miocene 


In  Britain,  the  Lower  Miocene  strata  of  Bovey  Tracy  hat 

yielded  remains  of  Ferns,  Vines,  Fig,  Cinnamon,  PnfUacat, 
Sec,  along  with  numerous  Conifers.  The  most  abundant o( 
these  last  is  a  gigantic  pine — the  Sequoia  Couftsta — which  is 
very  nearly  allied  to  the  huge  Sfqtwia  ( WcWm^tottia)  gigiiitito 
of  California.  A  nearly-allied  form  {Sequoia  Laft^scftTr^i}  his 
been  detected  in  the  leaf-bed  of  Ardlun  in  the  Hebrides. 

In  (ireenland,  as  well  as  in  other  parts  of  the  Arctic  regions, 
Miocene  strata  have  been  discovered  which  have  yielded  i 
great  number  of  plants,  many  of  which  are  identical  »iih 
species  found  in  the  European   Miocene.      Amongst  these 
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Eare  found  many  trees,  such  as  Conifers,  Beeches,  Oaks, 
^  Plane-trees,  Walnuts,  Magnolias,  &c.,  with  numerous 
'  ferns,  and  other  smaller  plants. 
"Bg  the  Miocene  flora  as  a  whole,  Dr  Heer  concludes 

s  study  of  about  3000  plants  contained  in  the  European 
ae  alone,  that  the  Miocene  plants  indicate  tropical  or 
_j)ical  conditions,  but  that  there  is  a  striking  iutennixture 
ns  which  are  at  present  found  in  countries  widely  re- 

from  one  another.     It  is  impossible  to  state  with  ccr- 

how  many  of  the  Miocene  plants  belong  to  existing 
J,  but  it  appears  that  the  larger  number  are  extinct. 
3ing  to  Heer,  the  American  types  of  plants  are  most 
■  represented  in  the  Miocene  flora,  next  those  of  Europe 
sia,  next  those  of  Africa,  and  lastly  those  of  Australia- 

the  whole,  however,   the  Miocene  flora  of  Europe  is 

nearly  allied  to  the  plants  which  we  now  find  inhabit- 
;  warmer  parts  of  the  United  Stales  ;  and  this  has  led 
suggestion  that  in  Miocene  times  the  Atlantic  Ocean 
xy  land,  and  that  a  migration  of  American  plants  to 
;  was  thus  permitted.  This  view  is  borne  out  by  the 
at  the  Miocene  plants  of  Euroi>e  are  most  nearly  allied 
living  plants  of  the  eastern  or  Atlantic  seaboard  of  the 
I  States,  and  also  by  the  occurrence  of  a  rich  Miocene 
I  Greenland.  As  regards  Greenland,  Dr  Heer  has  de- 
ed that  the  Miocene  plants  indicate  a  temjjerate  climate 

country,  with  a  mean  annual  temperatiurc  at  least  30° 
r  than  it  is  at  present 

present  limit  of  trees  is  the  isothermal  which  gives  the 
;cmperature  of  50''  Fahr.  in  July,  or  about  the  parallel 

N.  latitude.  In  Miocene  limes,  however,  the  IJmes, 
;ses,  and  Vlane-trees  reach  the  ygth  degree  of  latitude, 
le  Pines  and  Poplars  must  have  ranged  even  further 
;han  this. 

)CENE  Plants. — The  vegetation  of  the  Pliocene  period 
n  the  whole,  so  closely  allied  to  that  now  existing  as  to 
•  no  special  mention.  IL  is  worthy  of  notice,  however, 
e  Pliocene  flora  of  Europe  was  strikingly  similar  to  that 
dsting  in  North  America.  Thus,  we  find  in  the  Plio- 
)f  Europe  genera  such  as  the  Locust-trees  {Rifhinia)^ 
>ncy-Iocusts  (Gieditschuj),  the  Sumach  (/ihus\  the  Bald 
(s  {Tax(}iiiuni)f  the  Tulip-tree  {Lirwdcndron\  the  Sweet- 
"ree  (Liquiiiatnbar\  the  Sour-gum  Tree  {Nyssa)^  &c., 
do  not  now  occur  in  Europe,  but  are  at  present  charac- 

fonns  in  the  flora  of  temperate  North  America. 
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CHAPTER    XLVI. 


Laurentian  and  Cambrian  Periods, 


is  portion  of  the  work  it  will  be  endeavoured  very  briefly 
ve  a  view  of  the  forms  of  life  which  characterised  each  of 
great  geological  periods.  The  subject  of  the  fossils  wliich 
a^acterise  each  particular  stratum  or  group  of  strata  in  the 
t^Ji's  crust  is  one  far  too  vast  to  be  grappled  with  here,  and 
•1  only  be  properly  considered  in  a  special  treatise.  All  that 
'I  be  attempted  here  is  to  give  a  short  synopsis  of  the  de- 
vils of  each  successive  era^  followed  by  a  general  account  of 
a  •'life"  of  the  period  in  which  those  deposits  were  laid 
'^^-n.  Such  an  account  may  be  advantageously  prefaced  by 
t^^bular  view  of  the  more  important  fossilifcrous  deposits, 
K^uuencing  with  the  most  ancient. 

B  Tabular  View  or  Fossiliferous  Strata. 

^r  L  Pal^cozoic  or  Primary  Epoch. 

^m  ( Terrairu  PaliotoXqmi.  \ 

r  I.  Laurentian. 

UjBWer  Laurentian. — British  —  Wanting.  Portion — Great  seriw  of 
metamorphic  rocks  in  Canada,  gneiss,  mica-&chisl,  quaruite,  ami 
limestones,  with  a  total  thicknes!»  of  alwut  20,ocX)  feel. 
Vpp^  fjiuren/ian.—IirifuM — Fundnmental  Gneiss  of  the  Hebrides  (?) ; 
H)'persthenc  Kocka  of  the  Kle  of  Skye  (?).  Fortii*n — Labnitlor  Scrie« 
of  Cana<]a,  having  a  thickness  of  io,ooo  feet,  and  renting  unconfonn* 
ably  npon  the  Lower  Laurentian. 

2.    HUROMAN. 

if^ji — Wanting  (?).  Pcrtigtt — About  iS.OOO  feet  of  meUmoq)hic  rocki 
resting  unconfonoablv  upon  the  Laurentian  saicsi  of  Canada.  Per* 
haps  the  equivalent  o^thc  I.owcr  Cambrian  of  other  regiona. 
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3.    CAMBKIAK. 


lower  Cambrian, — ^n/£fA— Longmynd  group  of  Shrottthire;  Ilirled 
Grits  ;  IJanberis  Slates  ;  Green  and  purple  slaty  rocKs  of  Wictia^ 
containing  Oiiihamia.  Forrtjin — Fucoiilal  >^3n(l^toneorSwedc»««ll 
Eephytvn  ;  Etages  A  and  B  of  Bamindc  in  BohezDia  ;  HuniBiiii  mm 
of  Canada  (?). 

Upper  Cambrian.'^ British—  Lingala  Flag*  of  Shropftbiiv  md  Wd* 
Tremadoc  Slates  (?).  Skiddaw  SUlcs  (?).  Fcrei^m—'^  HmM 
zone"  of  Bohemia;  Alum-sclmis  of  Sweden  and  Norwajr;  I'ocdhB 
Sandstone  and  Calciferoiis  Sand-rock  of  North  Amcfka;  Qidot 
group  of  Canada  (?). 

4.  Silurian. 
Lffioer  Siittria  m.  — 

Britain^ 
I  I.  Lower  Llaiidcilo  or  Arenig  Gronp. 
J  2.   Upper  Llandciln  or  Llandeilo  Flags. 
J  3.  Caradoc,  Bala,  or  Coniston  Group. 
(  4.   Lower  Llandovery  Group. 

A^prtA  America. 
[  I.  Trenton  Period  (comprising  ihe  Chaiy,  Birds-ejre,  BUck  Rmr, 
1  and  Trenton  Limestones). 

13.   Hudujn  iVriod  (comprising  ihe  Utica  Shales  and  lIodsonRtv^ 
'  Group). 

Jioftetnia^ 
{  Etage  D  of  Barrande. 
Upper  Silurian. 

Britain. 
1 1.  Upper  Llandovery  (corapristng  the  Toninnoo  Shalci  and 

]lill  Sandstone). 
J  1.  Wenlock  Group  (comprising  the   W'oolhope  Limdonc 
\  lock  Shale,  and  Wenlock  Lime&tune). 

I  5.  Ludlow   Group   (coinpri^ig   the    Lower    and    Upper 
\  formations). 

North  America. 
Niagara  period  (comprising  the  Oneida  Conglomerate, 

Sandstone,  Clinton  Group  and  Niagara  LimestooeV. 
Salina  period  (comprising  the  Guclph  Limestone  and 

S;dt  Group). 
Lower  Heldcrbcrg  period  (comprising  the  Tcniaculile  tn^ 

lime  Groups  the  Lower  Pcntanicnis  I^inif^i«.>ne,  the 

Shaly  Limestone,  and  the  Upper  Pcntamcrus  L 

Bohemia. 
I  Etage  E. 

5.  Devonian. 

Lcnoer  Deivtiian. — British — Arbroath  Paving  Stones  of 

ton  Group  of  Devonshire,      forei^  —  Oriikany  Sanditooe  QS  vd 

Comiferous  series  of  North  America. 
Mtddh  Dnonian. — British — l^ituminous  Schists    of  Caithness  :  Ife* 

combe  Group  of  Devonshire.     Boreign — Eifel  Limestone 

HamUlott  aervw  of  North  America. 
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^Dfvonmn. — British — Sandtitones  of  Dnra   Den  ;   Sandstones  of 

*nhoIni  Hill  in  Uoxlmrghsbirc  ;  Kiltorcan  he<ls  of  Ireland  ;  Pilton 

Pelhenvy-n  Ciroup  of  South  of  England.     Ft>m^n — Clymenien- 

ilk,  ami  Cypridinen'Schicfer  of  Germany;  Portage,  Chemung,  and 

itekill  Groups  of  Nortli  America. 

6.  Carboniferous. 

Carbonifirous. — British — Carl)oniferous  Slates  of  Ireland ;  Moan- 
lin  Limestone ;  Yorcdale  Series.    Foreign — Sub-Carbonifeious  Group 
North  America. 

Carboniferous— British — Millstone  Grit ;  Coal  •Measures.    Foreign 
Equivalent  beds  in  various  ports  of  the  world. 

7.    I'ERMIAN. 

Pfrmiati. — British — Lower  Red  Sandstones  of  North  of  Eng- 
land.    /i^z-rti'M— Koihliegenfles  of  Germany. 

Aiidiiie  Fermian.— British — Marl  Slate  and  Magnesian  Limestone. 
J'oreigfi — Mergel-schiefer,  Kupfer-schiefer,  and  Zcchstcin  of  C^crmany. 

t/^er  Fermian, — British — Gypseous  Marls  and  Red  Sandstones  of  the 
North  of  England.     Foreign — Bunter-schiefer  of  Germany. 

U.  Mesozoic  or  Secondary  Epoch. 

( Terrains  Secomiairet.) 
8.  Tkiassic  Series. 

X-trtver  Trias. — British — Xcw  Red  Sandstone  of  Laneashire  and 
Cheshire.     /Iwrt^^w— Bunler  .Sands^tein  of  Germany. 

JlfidiiU  Trias. — British — Wanting.    Arc/j,'!/— Miischelkalk  of  Germany. 

C/^^  Tnas.— British ^Ke<\  marls,  sail,  iVc.  (Keuj>er),  of  Cheshire  ; 
Vcnarth,  Kha-tic,  or  Aiituh  cuiitorta  beds  of  SomcrsetsJiirc,  Glamor* 
ganshire,  \'c.  Fereign — Keupcr  beds  of  Germany ;  Kossen  (St 
Caspian)  and  Hollsladl  beils  uf  the  Austrian  Alps. 

g.  Jurassic  Series. 

Zjfftttfr  Ovfites, — British — Lias,  Inferior  Oolite,  Fidler*s  Earth,  Great 
Oolite,  Stonesfield  Slate,  Combrash,  and  Forest  Marble.  Foreign — 
The  Sincmurien,  Liasien,  Toarcien,  Bajocien,  and  UatUonicii  of 
D'Orbigny, 

Midiile  Oofttes.— British— Kc\\ow:iy  Rock.  Oxford  Clay,  Coral  Rag. 
^m]^/!— Nerincan  Limestone  of  the  Jura,  DicenLs  Limestone  of  the 
Alps. 

C/Mer  Oa/ites — British — Kimmeridge  Clay,  Portland  .Stone,  Purbcck 
Dcds.     Foreign — Lithographii;  Slate  of  Solenhofen, 

la  Cretaceous  Series. 

£Am>er  Cretactmts. — British — Hastings  Sands,  Wcftid  Clay,  Lower 
Greciuand,  Kentish  Rag.  /vr<7;j'-«— Neocomianof  Ncufchatcl,  W'cal- 
dcn  of  }lanovcr. 

Upper  Cretaceous, — British — Gault,  Blockdown  beds,  Upper  Green- 
Band,  Chalk  ^[arl,  White  Chalk.  Foreign— Q\3^\\cr  Sandstein  and 
Planer  Kalk  of  Germany,  lli]>purite  Limc^^tone  of  the  South  of 
Europe,  Mnestricht  Chalk,  Faxoc  Limestone,  Sands  and  Marls  of  New 
Jer^y  in  North  America, 
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III.  Kainozoic  or  Tertiary  Epoch. 
( Terrahu   Tcrtiairts. ) 

11.  Eocene  Series. 

a.  LffXt'tT  Eocem. — Briiisk — Thnnet  Sands,   Plastic  sod  ^fotIIe^^' 
Woolwich,  I-ondoa  Clay,     Foreign — Sables  dc  Bracheux  lai, 
pliuititjue  of  France.     Claiborne  beds  of  AUhami,  Uruipj  St 

h.  Middle  EocfHf, — British — Ragshoi,    Bmclde<Min    tnd   fiutn 
HcaHon    Scries,   St    Helens   or  Osborne   Series.    Fi^n^ 
Grosster  of  France  ;   Numniulitic  Limestone  of  the  AI[k;/<i 
beds  of  the  United  States, 

c.  Upper  V^AVrt^.— /?riAjA— Bembrii^  beds,  Hempstead  beds 
Miocene?).  /Vm"^'?!— Gyi>seous  Series  of  Montmaitre  k 
Vicksburg  and  White  River  beds  in  the  United  Stales. 

12.  MtocENC  Series. 

it.  Lower  ATtoiene. — BriiisM—'Ro\cy  Tracy  lignite*  and  clays, 
Mull  in  Ihe  Hebrides.  Foreign — Itrown  CoaU  of  C 
Croatia,   Lower  Molasse  of  Switzerland. 

f*.   Upper  Miccene. — British — Ferruginous  Sands   of   North  L^ 
FoTfi^ — Falun*  of  Tourainc,  Kpplesheim  Sands,  Uppci  Mc 
Switzerland,  Oeningcn  beds  of  Switzerland,  Siwalik  be^  <i\ 

1%.  Pliocene  Series. 
a.   Older  Pliocene,— Brifi3h~'W\i\iQ    Crag    and    Red    Crag  of 

Foreipt — Upper  and  Middle  Crags  of  Antwerp,  Sub-ApeosiBrl 
h.  Neiver  Pliocene. — ^n'/wA— Norwich  Crag.     Foreign — Izcostar] 

of  the  Val  d'Amo,  near  Florence. 

14.  Post-Tertiarv  Series. 
a,  Post'Ptiocene. — Cave-depoMts  High-level  and  low-level  gian^i 

<icposits.  Forest-bed  of  Cromer,  &c. 
h.  Recent, — Pe&t-mosses,  reccut  river-gravels,  lacustrine  mud,ie. 


Ladrentian  Period. 
Rocks  of  the  Period. — The  Laurcntian  Rocks  hare 
typical  development  in  North  America,  especially  In 
In  northern  New  York  strata  of  this  age  rise  into 
and  nigged  elevations  of  the  .Adirondacks,  and  similar 
occur  in  another  area  to  the  south  of  Lake  SujKnor. 
Laurentian  series  is  of  vast  thickness,  and   is  divided] 
a  lower  and  upper  division.      The  Ijcnoer  Laurmtm 
attains  the  enormous  thickness  of  about  20,000  fed 
composed  entirely  of  metamorphic  rocks,  consisting 
gneiss  interstratified  with  mioi-schist,  with  great  bedsof 
and  massive  beds  of  crystalline  limestone,  of  which  ooe 
from  700  to  1500  feet  in  thickness.     Conglomcra 
cur,  and  there  are  vast  deposits  of  magnetic  and  «» 
ore.     Graphite  or  black-lead  occurs  disseminat 
veins,  and  beds,  through  hundreds  of  feel  of  Lov 
straU,  and  \X.s  ^mo>M\V\^  c:aVoi\a.v<«l  \a^  Dr  Da^ 
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lantity  to  the  coal-seams  of  an  equal  area  of  the  Carbon- 
as  rocks. 

>t  only  is  the  Lower  Laurentian  series  of  vast  thickness 
greatly  metamorphosed,  but  it  must  have  been  elevated 
c  the  sea,  and  subjected  to  vast  denudation,  prior  to  the 
fiition  of  the  upper  group.  This  is  shown  by  the  fact 
the  Upper  Kiurentian  lies  uncon  form  ably  upon  the  tnm- 
)  edges  of  the  Lower  Laurentian.  The  Upper  Laurat- 
group  is  about  10,000  feet  ihick^  and  consists  wholly  of 
ified  cr)slalline  rocks.  These  consist  mainly  of  gneissic 
felspathic  rocks,  often  characterised  by  the  occurrence  of 
s-felspar  or  I^bradorite.  The  scries  is  extensively  dcvel- 
i  in  Labrador,  and  is  sometimes  spoken  of  as  the  *'  Labra- 
series.'* 

El  Britain  it  has  been  conjectured,  with  great  probability,  that 
"fundamental  gneiss"  of  the  Hebrides  and  the  **hypers- 
le  rocks  "  of  the  Isle  of  Skye  belong  to  the  laurentian  series. 
•IPE  OF  Ti!F.  Laurentian  Period. — The  Laurentian  rocks 
often  spoken  of  as  the  Azoic  scries  (Gr.  ^,  without ;  zoe^ 
I;  but  the  name  appears  to  be  inappropriate,  because  there 
Dod  evidence  to  show  tliat  living  beings  were  in  existence 
he  Laurentian  period.  In  the  first  place,  it  is  certain  that 
Laurentian  rocks,  though  now  highly  mclamorphic.  were 
nally  deposited  as  ordinary  sedimentary  beds  of  sandstone, 
flomerate,  shale,  and  limestone.  There  is,  therefore,  no 
:>n  whatever  for  supposing  that  the  seas  of  the  Laurentian 
>d  differed  in  any  rcs|»ect  from  modem  seas,  so  far  at  any 
as  to  render  the  existence  of  living  beings  impassible  ; 
e  we  know  that  one  of  the  results  of  metamorphic  action 
e  obliteration  of  the  fossils  in  the  rock  affected.  Secondly, 
be  researches  of  Sir  William  Logan  there  was  discovered 
rie  of  the  limestones  of  the  Lower  Laurentian  group,  the 
r  which  has  been  described  under  the  name  of  Eozoon 
txdeme,  and  which  is  believed  to  be  a  gigantic  Foraminifer. 
organic  nature  of  this  body  was  first  detected  by  Dr  Daw- 
of  Montreal,  and  his  opinion  as  to  its  nature  has  since 
X  confirmed  by  the  highest  authorities.  Thirdly,  there  is 
3  reason  to  believe  that  the  graphite  of  the  Laurentian 
:s  is  nothing  more  than  metamorphic  coai,  and  that  it  is 
vcd  from  vegetables  which  flourished  during  the  I^auren- 
period. 

HuRONiAN  Period. 

he  rocks  of  the  Huronian  series  rest  unconformably  upon 
denudcti  edges  of  the  Laurentian  rocks  on  the  borders  qC 

k 


mSTORICAT.  PAL.'EONTOLOGY. 


Lakes  Superior  and  Huron.     They  are  about  iS.:c: 
thickness,  and  consist  of  quartziles  (altered  s-n 
ceous  slates,  conglomerates,  and  limestones,     l  ... 
rates  sometimes  contain  pebbles  derived  from  the  fu 
Laurentian  rocks.     No  fossils  have  hitherto  been  iv. 
any  part  of  the  Huronian  series,  and  its  exact  age  is  thi^  ■ - 
doubtful.     Not  improbably  it  raay  correspond  with  il 
Ciimbnan  rocks  of  other   regions,  but  it  may  reju. 
independent  formation  to  be   intercalated   in  jwinl  ui  ict 
between  the  Laurentian  and  Cambrian  groups. 

Cambrian  Period. 

Rocks  of  the  Period. — The  exact  linaitsof  the  Cnt*'» 
Rocks  are  as  yet  not  well  defined,  different  authoriiies  tit« 
different  views  as  to  the  strata  wliich  should  be  consdcH 
under  this  head.  The  name  '*  Cambrian"  is  derivcdfrtmlk 
fact  that  these  strata  are  the  lowest  rocks  visible  la  N** 
Wales  and  its  l>ordcrs  (Cambria).  The  Cambrian  rtxis» 
generally  divided  into  a  Lower  and  Upper  divihion,  andti? 
are  well  developed  in  various  parts  of  Europe  and  Amcna- 
The  following  gives  a  general  idea  of  the  nature,  distxibu! 
and  mineral  characters  of  the  Cambrian  rocks  : — 

\.    Caffthrian  Rixks  of  Britain. — The  Lower  Camhrisn 
of  Britain  are  best  seen  in  the  Longmynd  Hills  in  Shro] 
and  consist  of  about  25,000  feet  of  variously-coloured 
stones,  grits,  and  sihales,  often  ripple-marked,  and  eihil 
rain-prints,  but  with  very  few  fossils.     These  are  succccdol; 
a  great  series  of  micaceous  flagstones,  slates,  and  shales, 
vary  in  thickness  frnm  6000  to   2000  feet,  and  are,  w 
at  any  rate,  of  Upper  Cambrian  age.     They  are  known** 
Lingula  Fh^s,_  from  the  occurrence  in  them  of  a  Bi 
belonging;  to  the  genus  Linxufa,     In  North  Wales  the  1 
Cambri:in  strata  are  often  highly  melamorphosedj  ami  the 
braled  Welsh  roofing-slates  are  also  derived  from  thisdivt 
Cambrian  rocks  occur  in  other  parts  of  Britain,  and  the 
ing  table  exhibits  their  leading  members : — 

1.  Lower  Cambrian  : 

a.  Longmynd  beds  {25,060  feet). 

b.  Llanberis  slates  (jooo  feet). 

c.  Harlech  grits  (6000  feel). 

d.  Ohihamia  slates  of  Ireland. 

2.  Upper  Cambrian : 

f.  Lingula  Flags  of  Wales  (about  6000  feel). 
/  Tremadoc  Slates  of  North  Wales  (2000  fW 
^.  Skiddaw  Slates  of  the  north  of  England  (; 
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j  The  last-mentioned  group  of  rocks,  namely,  the  Skiddaw 
E^tes  of  the  north  of  England,  is  in  a  doiibiful  position. 
jThcy  consist  of  about  7000  feet  of  dark-coloured  shales  and 
klates,  and  they  are  most  clearly  the  equivalent  of  the  Quebec 
^roup  of  Canada,  containing  many  of  the  same  fossils.  Upon 
Ihe  whole,  it  seems  safer  in  the  meanwhile  to  regard  them  as 
Vpper  Cambrian. 

II.  Ciimhrtan  Rocks  of  Bohemia  and  Siveden. — In  Bohemia, 
!M.  Barrande  has  succeeded  in  demonstrating  as  underlying 
the  Lower  Silurian  rocks  of  that  country  a  zone  of  rocks, 
which  correspond  to  the  Lingula  Flags  of  Britain,  and  are 
therefore  of  Upper  Cambrian  age.  This  zone  contains  many 
remarkable  and  characteristic  fossils,  and  is  often  spoken  of  as 
the  '*  Primordial  Zone."  In  Sweden  and  Norway  the  Lower 
Cambrian  rocks  are  represented  by  a  sandstone  containing 
^  impressions  supposed  to  be  referable  to  sea-weeds  or  "  fiicoids." 
J  This  "  Fucoidal  sandstone  "  is  succeeded  by  beds  of  so-catled 
I  "alum-schist,"  which  are  of  Upper  Cambrian  age,  and  corre- 
'  spend  with  the  Lingula  Flags  of  Britain. 

III.   Cambrian  Rocks  of  North  America.  —  The  Cambrian 

rocks  are  represented  in  North  America  by  the  Potsdam  sand- 

!   stone  and  the  Calciferous  series.     The  Potsdam  Sandstone  is 

mostly  a  laminated  sandstone,  or   grit  in   the  State  of  New 

York,  but  limestones  are  present  in  addition  in  the  Mississippi 

1    basin,  and  it  consists  of  a  great  thickness  (2000  to  7000  feet) 

I  of  slates,  sandstones,  and  hmestones,  along  the  Appalachian 

'  chain.     It  contains  a  good   many  fossils,  among  which  are 

'  Trilobites   resembling   those   of  the   "  Primordial  Zone "   in 

Bohemia. 
I  The  Calciferous  series  consists  of  a  hard  calcareous  sand- 
stone, or  '*  sand-rock  "  in  the  State  of  New  York  ;  but  it  con- 
sists of  sandstone  with  well-developed  magnesian  limestone  in 
the  basin  of  the  Mississippi ;  and  along  the  Appalachian  chain 
it  consists  of  sandstones  and  limestones,  subordinated  to  great 
masses  of  shale.  In  their  last-mentioned  development  the 
Calciferous  rocks  have  been  termed  the  '*  Quebec  group,"  and, 
as  before  said,  they  are  undoubtedly  the  equivalent  of  the 
Skiddaw  Slates  of  Britain.  They  attain  a  thickness  of  from 
5000  to  7000  feet;  but  it  is  not  clear  whether  they  are  truly 
referable  to  the  Upper  Cambrian  or  to  the  base  of  the  Silurian 
system  Most  probably  they  are  transition  beds  between  the 
two  formations. 
\  Life  of  the  Cambrian  Period. —  In  the  Lower  Cambrian 
Kocks  fossils  have  hitherto  proved  extremely  scarce.  The 
commonest  organic  remains  are  the  burrows  and  tracks  of 
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Annelides  (ArmlcoUies^  Histiodcrmay  &c.)  Besides 
Ivongmynd  beds  of  Shropshire  have  yielded  a  supposed 
bite  {Pai(€Op)%€).  The  green  and  purple  slaty  rocks  of  \Si 
low  have  yielded  two  species  of  the  singular  fossil  OJUhsA 
(fig.  27),  v^hich  may  be  a  Hydroid  Zoophyte,  but  whidj 
more  probably  a  calcareous  sea-weed.  Lastly,  the  "  Futoi 
Sandstone  "  of  Sweden,  besides  the  obscure  remains  whi( 
known  as  "  fucoids,"  has  yielded  the  remarkable  fossil 
as  Eophyion  (fig.  378),  which  is  most  probably  a  plant,] 
with  a  small  Lingula. 

In  the  Upper  Cambrian  Rocks,  fossils  become 
abundant,  and  belong  to  varied  types.  The  most 
istic  forms  are  Trilobitcs,  the  characters  of  which  ait 
peculiar  as  to  have  gained  them  the  name  of  *'  primordi; 
applied  also  to  the  strata  in  which  they  are  found.  1 
chief  genera  are  Paradoxidcs  (fig.  114),  dmixtphalus^  .S 
Cotiocoryphf^  Eliipsoccphalus^  Microdiscus^  Agnnstus,  &c.  1 
*'  Primordial  Zone  "  of  iJohemia  has  also  yielded  a  i 
Pteropods,  Bmchiopods,  and  Echinoderms.  The  Pot«di 
Sandstone  of  North  America  contains  various  primonl 
Trilobites  (especially  those  of  the  genus  Dikfiocfphahi\  B 
chiopods  of  the  genera  Obohts^  Oboki/a,  and  Lin^tia,  Caste 
pods  of  the  genera  Platrotomaria  and  Ophilda^  Annelide-b 
rows  {Scolithus),  and  numerous  so-called  "fucoi<ls."  Las) 
in  the  Potsdam  Sandstone  have  been  detected  the  earli 
footprints,  if  they  may  be  so  termed,  which  have  been 
discovered.  These  have  been  described  under  the  nai 
Protichnites  and  Ciimaciichniia^  and  they  have  probablj 
produced  by  large  Crustaceans. 

The  Lingula  Flags  of  Britain  owe  their  name  to  the  OCC 
rencc  in  them  of  a  large  satchel-shaped  Lingtth  {L. 
Trilobites  of  the  genera  Oienus^  Agnostus^  Paradoxidcs^ 
occur,  and  remains  of  Phyllopodous  Crustaceans  (B} 
carts)  are  by  no  means  rare. 

The  Skiddaw  and  Quebec  groups,  as  already  menl 
are  in  a  doubtful  position,  and  are  often  regaiticd  as* 
referable  to  the  Lower  Silurian.  They  are  chiefly  noli< 
for  the  great  abundance  of  Graptolites  which  they  hav< 
shown  to  contain.  Many  of  these  belong  to  genera 
pass  up  into  the  Silurian  rocks  (Didym<{i^u7psus^  £>ipiogr^ 
and  Ciimacograpsus) ;  but  others  belong  to  types  whicA 
exclusively  confined  to  this  horizon,  and  which  are  reroafl 
complex  as  compared  with  later  forms.  Amongst  these  u 
be  mentioned  the  genera  Tctragrapsits  (fig.  33),  Dic/ti 
(fig*  ^i)i  LogdnograpsnSy  and  Phyilograpsus. 
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CHAPTER   XLVIII. 

SILURIAN    PERIOD. 

Rocks  of  the  Period. 

7G  the  Cambrian  comes  the  great  Sihirian  series  of 
t  clearly  established  and  tlefinitdy  worked  out  by 
ick  Murchison,  the  founder  of  the  Silurian  system. 
t  limit  between  the  Cambrian  and  Silurian  formations 
ich  is  not  clearly  defined,  since  there  does  not  appear 
y  general  physical  break  between  the  ti*'o  groups. 
of  demarcation  between  them  is,  in  the  present  state 
owledge,  an  arbitrary  line,  and  is  derived  chiefly  from 
icters  of  the  TriiobiUs.  There  are  rocks,  however, 
le  Tremadoc  Slates,  the  Skiddaw  Slates,  and  the  Cal- 
nd  Quebec  groups,  in  which  there  is  an  intermixture 
nan  with  true  Lower  Silurian  types.     These  rocks, 

might  be  regarded  as  Upper  Cambrian  or  as  Lower 
or  as  passage-beds  between  the  two.  It  is  to  be 
red,  also,  that  the  Tremadoc  Slates  and  Lingula  Flags 
ded  by  Sir  Roderick  Murchison  as  being  the  base- 
s  of  the  Lower  Silurian. 

ime  "Silurian"  was  proposed  by  Sir  R.  Murchison 
,t  series  of  strata  lying  below  the  Old  Red  Sandstone, 
pying  those  parts  of  Wales  and  England  which  were 
ime  occupied  by  the  "  Silures,"  a  tribe  of  ancient 

The  Silurian  rocks  are  largely  developed   in  Wales, 

of  England,  Scotland,  and  Ireland,  in  various  parts 
e,  esi>ectally  Bohemia,  Saxony,  Russia,  and  Sweden, 
ic  North  Amcri{:an  Continent.  The  entire  series  is 
into  the  two  sections  of  the  Lower  and  Upper  Silurian 
:h  in  turn  s|jlit  up  into  smaller  subdivisions,  the  names 
have  usually  been  taken  from  localities  where  they  are 
•  well  deveIo[)ed,  or  where  they  were  first  studied, 
ain  the  Silurian  Rocks  are  divided  into  the  following 
om  below  upwards  : — 

Lower  Llandeilo  group,  \ 

Upper  Llandeilo  group,  ilyiwer  Silurian 

Bala,  Caradoc,  or  Coniston  group,   \^^^  auunan. 

Lower  Llandovery  group, 

Upper  Llandovery  group 

Wenlock  group,  \  Upper  Silurian. 

Ludlow  group, 


I 
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a.  The  Lcrwer  Llanddio  or  Armig^o\y^  derives  its  namt 
ihetown  of  Llandeilo,  in  Wales,  where  it  consists  of  dark-col 
micaceous  flags,  with  earthy  shales  and  gritty  santlstonet 

b.  The  Upper  Liandeilo  group  consists  of  a  great  scia 
micaceous  flags  and  dark-colouTed  shales,  often  uifh  31 
strati6ed  igneous  matter.  In  Scotland  the  groujf  cooaie 
a  great  assemblage  of  shales  and  grits,  the  fomier  rooftlyv 
dark  in  colour,  often  anthracitic,  and  charged  with  the  rausB 
of  Graptoiiies, 

c.  The  Baioy  Caradoi%  or  Coniston  group  consists  in  Wi 
of  slates,  grits,  and  sandstones,  with  two  interstraiilied  line- 
stones,  the  whole  attaining  a  thickness  of  ahout  fjoofcct 
In  the  norlh  of  England  this  group  consists  of  black  fiigf 
beds,  a  wcU-marked  limestone  with  intercalated  shales,  ik 
black  miidslones  replete  with  Graptolites. 

d.  The  Lower  IJandm'ery  group  consists  of  slates  ud  aai- 
stones,  with  great  beds  of  conglomerate. 

<r.  The  Upper  Llandovery  group  forms  in  Britain  ihelaietf 
the  Upper  Silurians,  and  rests  unconformably  upon  the  law 
Llandovery.  It  consists  of  limestones,  shales,  conglonr'i'o, 
sandstones,  and  slates,  attaining  a  total  thickness  oi  ri^ 
aooo  feet 

/  The  IVenlock  group  consists  of  a  great  mass  of  shilc 
flagstone  (Wenlock  Shale),  underlaid  and  sunnountcdby 
stones,  the  whole  attaining  a  thickness  of  3000  feet 

g.   The  Ludimo  group  consists  of  shales,  limestones, 
sandstones  in  Wales,  and  of  grits  and  shales  in  the  n 
England,  having  a  total  thickness  of  from  3000  to  400Q 
5000  feet. 

In  North  America  the  Silurian  series  is  magnificently 
oped,  and  is  capable,  like  that  of  other  parts  of  the  w 
being   separated   into  a    Lower  and   Upper  division, 
annexed  table  shows  the  subdivisions  of  the  Silurian 
developed  in   the  State  of  New  York,   and  their  sup' 
British  equivalents — the  table  being  in  ascending  order:' 


Silurian  Strata  of  Nnv  York. 

1.  Trenton  period  {cnniprising  the  Chazy,  Bird's 
eye.  Black  River,  and  Trenton  limestones. 

2.  Ttudson  period  (comprising  ihc  Utica  slates 
and  Hudson  River  shales). 

3.  Niagara  period    (comprising  the   Oneida  | 
conglomerate,  Medina  sandstone,  Clinton  group, 
and  Niagara  limestone). 


J3ntijh  efni 

I       The  I>owcr 
I  series    (comprisiB| 
^Uandcilo,     Bat^, 

Lower     LUodei 

groups). 

The  lower  t-^ 

the  Upper  Sili 
•  (comprising 

Llandovery 

lock). 
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S«aina  period  {comprising  the  Guclph  Ume-  [      j^^  ^^^j^j^  equivalent 

ana  Onondagn  wit  group).  \  ^ 

The  Lower  Hcldcrberg  period  (comprisingx     ^^^  y^.^^^         .^^  ^^ 

-Tcnlacuhte   and    \Vater  -  l.mc  grunps     ihe  L^^^  ^     ^^  gjf;^^^  ^ 

er    Pen  amcms    hmcstonc.     .he     Dcllhyris  Lies(comprisingLl.eLua. 

r     Ume&tunc,    and    the    Upper    IVtilanicrui  I .      ^ ,'  .      ** 

rtooe).  J  '^*  E^ouP'- 

Bohemia,  as  shown  by  M.   Barrande,  the  Silurian  series 

Wfise  admits  of  a  subdivision  into  an  Inferior  and  a  Supe- 

division.     The  former  comprises  the  single  ''  etage  D," 

is  characterised  by  a  fauna  to  which  M.  Barrande  has 
lied  the  term  of  *'  second  fauna,"  the  so-called  "  primordial 

*'  having  yielded  the  **  first  fauna''  of  the  same  palsonto- 
Bt    The  Upper  Silurian  series  comprises  the  Stages  E,  K.  G, 

H,  and  is  characterised  by  the  possession  of  the  *'  third 

— TrE  OF  THE  Silurian  Period. — In  the  lower  portion  of 

Cambrian  series,  as  we  have  seen,  organic  remains  arc  ex- 
ciingly  scanty  J  but  in  the  upper  portion  of  the  same,  fossils 

tolerably  abundant,  and  belong  in  part  to  types  which  pass 
^ards  into  the  overiying  Silurian  scries.  The  fossils  of  the 
^an  series  are  almost  exclusively  marine,  the  only  excep- 
"Ss  being  some  remains  of  land-pbnts,  such  as  stems  of 
^ulodendron  (Saj^t/iana)  and  the  sporangia  of  Lycopodiace- 
t  plants  {Pachythica)^  the  latter  having  been  discovered  in 
'  very  highest  beds  of  the  system.     The  only  other  vegeta- 

remains  which  have  been  detected  in  undoubted  Silurian 
posits  belong  to  what  are  loosely  termed  "  fucoids  "  {LUr<h 
pcuSf  Arthrophyms^  Piihropftycus,  Buthotrephis^  &c),  and 
!sc  are  tolerably  abundant  in  various  parts  of  the  series. 
The  sub-kingdom  of  the  Protozoa  is  represented  by  For- 
iniferous  shells  and  by  Sponges.  The  latter  are  tolerably 
mdant  in  both  the  I-ower  and  Upper  Silurian  and  belong 
i-arious  genera  {Palaospoftgia^  Acanthospofigia^  As/yiospongia^ 
^phispongia,  i:c.)  Here,  also,  we  meet  with  the  singular 
era  Htceptaailites  and  Is<kadiUs^  which  have  been  variously 
ardcd  as  gigantic  Foraminifcrs,  as  Sponges,  or  as  inter- 
iiate  forms  between  the  Foraminijcra  and  the  Sport^da, 
rhe  sub -kingdom  of  the  Orlenierata  is  represented  in 
iiian  limes  by  the  GraptoHtes  and  by  numerous  Corals. 
•  typical  Graplolites  commence  their  existence  in  the  Skid- 
f  and  Quebec  Groups  (Upper  Cambrian  ?),  and  arc  highly 
xacterisiic  of  the  Silurian  Rocks.  If  we  except  the  genus 
•fy(mcma,  which  is  probably  referable  to  the  Sertularians,  no 
cies  of  Graplolite  is  known  to  have  survived  the  close  of 

Silurian  period.     Neglecting  their  earlier  appearance,  the 
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genera  Didymo^apsus  and  Z>icrancgrafsuj  are  exdurS-^ 
and  the  genera  Dtplograpsusy  CHmacograpsus^  and  Kasinia  t 
pre-eminently,  characteristic  of  the  LoW€r  Silurian  pdo 
The  genera  Graptolites  and  Reiiolit£s  are  those  which  cq 
cially  characterise  the  Uppfr  Silurian  deposits,  though  bo 
commence  in  the  inferior  division  of  the  series.  Cook  i 
exceedingly  abundant  in  many  parts  of  the  Silurian  ssit 
certain  formations,  such  as  the  \WnIock  Limestone  kA  E^ 
land  and  the  Niagara  Limestone  of  North  America,  bd 
in  places  so  largely  comixwed  of  these  fossils  that  thq  la 
been  regarded  as  ancient  coral-reefs.  AJmost  all  the  Sihin 
corals  belong  to  the  groups  of  the  Rugosa  and  TabuJata, 

The  Echinodermata  are  largely  represented  in  Silunan  ( 
dei>osits^  more  especially  by  Crinoids  and  Cystidcaas.  T 
former  arc  extremely  abundant,  and  belong  in  many  instaac 
to  peculiar  types.  The  Cystideans  are  pre-eminently  Loi 
Silurian,  though  they  occur  also  in  the  upper  divisioDo(t 
series.  Tliey  are  especially  characteristic  of  the  Bak 
Caradoc  period.  The  true  St;ir-tishes  (Astervuifa)  are  «p 
sentcd  even  in  the  Lower  Silurian  rocks  ;  whilst  the  Bnu 
stars  {Ophiuroidea)  are  represented  by  the  genus  /Vnfid 
The  Sea-urchins  (Ec/Unoidra)  are  not  represented  at  all  cS 
in  the  Upper  Silurian,  and  there  only  by  the  at>enaiiM 
Palirchinus,  ™ 

T\\Q  An»r/idii  are  represented  in  the  Siluriau  rocks  by  I 
tracks  and  burrows  of  Sea-worms  {HcimifithiUs  and 
and  by  the  tubes  of  Tubicohi  (Serpulites^  Ortonia^ 
Cornuiiks^  Spirorbis^  &c,)     The  little  spiral  tubes  of 
are  commonly  found  in  the  l^pper  Silurian  rocks  atta 
the  shells  of  Orifwurata  and  the  like. 

The  Arthropoda  appear  lo  have  been  represented  w 
Crustaceans,  no  Arachnids,  M)'riapods,  or  Insects  beii^' 
known  with  certainty  to  occur.  The  most  important  Silur 
Crustaceans  belong  to  the  Trilobita^  Phyilopoda,  Euryft^ 
and  Ostracoda.  The  Trilobites  are  extraordinarily 
and  every  subdivision  of  the  Silurian  series  has  its  ch 
species.  The  "primordial  Trilobites"  are  only  re 
by  such  forms  as  Agnosttis  and  OUmis,  The  Lower  Si2ifli 
have  many  types,  amongst  which  Asaphus,  Ogygia^  Tfinm 
Caiyttiene^  Chrimrus,  lUttnus^  and  P^mcops  may  be  mcntio 
as  the  most  im|>ortant,  though  most  of  these  range 
Upper  Silurians  as  well.  The  Silurian  Phyllopods 
Jibly  plentiful  in  both  divisions  of  the  scries  and  beU  ~ 
^^  the  genera   Ceratiocaris^  Peltoiaris^  and  Disanoct^ 

iity^itctlds  are  re^r^iseated  in  the  Lower  Siluxu 
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pre-eminently  characteristic  of  the  higher  beds  of  the 
tipper  Silurian.  Lastly,  the  Osiracoda  are  often  extremely 
i|>undant,  and  belong  chiefly  to  the  genera  Lt'pcrditia,  Pri- 
f$£Hay   Beyrichia^  and  Eniomis, 

'  The  sub-kingdom  MoHusca  is  very  largely  represented  in 
^urian  deposits,  and  the  Brachiopods  and  Tetrabranchiate 
^ephalopods  in  particular  enjoyed  a  vast  extension  and  a  de- 
nelopnient  which  has  never  since  been  attained.  The  Brachi- 
ipods  are  so  abundant  in  all  parts  of  the  series  that  the 
tUurian  period  has  been  spoken  of  as  the  "  Age  of  Brachi- 
toods."  The  chief  families  are  the  Sirophomtnid^E^  Rhyn- 
*Mneflid(E^  Spiriferitht^  and  LinguHda.  The  genus  Pmtamerus 
B  especially  characteristic  of  the  Llandovery  Rocks,  or  of  what 
las  been  termed  the  '*  Middle  Silurian"  by  Sir  Charles  Lyell. 
The  Caradoc  period  is  noticeable  for  the  great  number  of 
X^ihides^  mostly  belonging  to  simple  plaited  forms.  The  cx- 
Dlusively  Silurian  genera,  however,  are  very  few,  but  Oboius^ 
^phonotrda^  and  Trematis  are  not  known  to  have  sumvcd 
ato  the  Devonian  period.  Bivalves,  such  as  Modiolopsis, 
VtenodonUi^  Lyrodtsma^  Amboftychia^  Pterhua^  Cardioia^  &c., 
Mnc  far  from  uncommon  ;  whilst  the  Gasteropods  are  largely 
iieprcsented  by  such  forms  as  Pieuroiomaria^  Afetopioma, 
^ohpea^  Cydonema^  and  Afunhisonia,  The  Heteropods  are 
presented  by  Madurea,  BelUrophott^  Cyrtolites,  and  EccuHom- 
'us;  and  the  Pteropods  abounded  under  the  generic  forms  of 
"^Theca  (IJyolithes\  Cofiu/aria^  TcutamiiU5^ixc^i\  Pierotheca.  The 
Tetrabranchiate  Cephalopods  are  extraordinarily  abundant  ; 
but  they  belong  almost  exclusively  to  the  sections  of  the 
^autiiida  and  Ort/wceratida ;  the  Ammonitida  being  repre- 
lented  only  by  the  geniis  Gtmiatites,  which  has  not  as  yet  been 
Iccognised  in  the  Lower  Silurian  deposits.  The  family  of  the 
X)nhoctratid(e  attains  here  its  maximum  of  development,  over 
Dfie  tliousand  species  having  been  described  by  M.  Barrande 
^m  the  Silurian  basin  of  Bohemia  alone.  Their  highest  de- 
irelopment,  however,  is  in  the  upper  and  not  in  the  lower 
division  of  the  series. 

The  sub-kingdom  V^rtebrata  is  not  known  to  be  represented 
in  the  Lower  Silurian  period  at  all  ;  but  remains  of  various 
0shes  have  been  detected  in  the  LTpper  Silurian  series.  In 
Britain,  the  earliest  fish-remains  have  been  discovered  in  the 
Lower  Ludlow  Shale,  and  consist  of  the  cephalic  bucklers  of 
Pteraspidean  fishes.  In  the  wcll-knowii  stratum  at  the  summit 
of  the  Ludlow  Rocks,  familiar  under  the  name  of  the  "bone- 
bed,"  have  been  discovered  the  defensive  spines  on  which  the 
genus    Onchus  has  been  founded,  and   the  shagreen-scales 
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which  constitute  the  genera  Theiodus  and  Sphagodus. 
spines  are  believed  to  indicate  the   existence  in  the  U| 
Silurian  seas  of  Cestraciont  fishes   allied  to  the  hving 
Jackson  Shark,  whilst  the  latter  may  have  belonged  to 
form  like  the  existing  Dog-fishes.     It  must  be  admitted, 
ever,  that  the  tnie  nature  of  these  fossils  is  still  open  to 
tion.     From  the  Upper  Silurian  series  of  Bohemia  M. 
rande  describes  no  less  than  five  fishes — viz.,  Couosieus ^ 
C.  Agassisi,  Asteroltpis  BohemUus^    GomphoUpb  Pando'i^ 
Ctmacanthus  BohemicuSy  of  which  the  first  four  belong  to 
Ganoids,  whilst  the  last  is  supposed  to  be  a  Cestractoni 
Selachian. 


CHAPTER   XLIX. 
DEVONIAN      PERIOD, 


Rocks  of  the  Period. 

The  Silurian  Rocks  are  succeeded  upward  by  a  great  svstemrf 
rocks,  mainly  of  the  nature  of  sandstones  and  conglomcram 
to  which  the  narae  of  Old  Red  Sandstone  has  been  appl 
The  name  Da^onian  formation  is  also  employed  to  dcsij 
these  same  strata,  rocks  supposed  to  belong  to  this 
being  largely  developed  in  Devonshire,  in  England.  It » 
probable,  however,  that  the  Devonian  rocks  represent  i 
tion  only  of  the  Old  Red  Sandstone,  and  that  they  canoi 
regarded  as  the  full  ecjuivalent  of  the  Old  Red  Sandsi 
otiier  regions.  The  tenn  "  Devonian  "  may,  however, 
thus  understood,  be  usefully  employed  as  a  general  icnn 
all  the  strata  which  intervene  between  the  Silurian  System 
the  succeeding  formation  of  the  Carboniferous  rocks. 

The  uncertainty  as  to  the  exact  position  of  the  Devoniac 
Rocks  of  Devonshire  in  the  series  of  the  Old  Red  SandstOK. 
or  the  uncertainty  as  to  whether  they  represent  the  Old  Reil 
Sandstone  in  whole  or  in  part,  arises  from  this — that  ihocgb 
both  fonnations  are  fossiliferous,  the  peculiar  fossils  of  tidi 
are  never  found  associated  together.     The  peculiar  fossils  rf 
the  Old  Red  Sandstone  proper  are  not  found  in  the  rock 
Devonshire;  and  the  fossils  of  the  latter,  though  foum 
equivalent  strata  on  the  Conrinent  of  Europe,  do  not  or 
the  beds  lo  which  the  name  of  Old  Red  Sandstone  w 
nally  applied.     This,  Kowever,  may  be  largely  due  I 
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lat,  while  the  Devonian  strata  are  undoubtedly  marine  in 

i«r  origin,  there  seems  reason  to  conclude  that  the  Old  Red 

Mjdstone  proper  was,  in  part  at  any  rate,  a  fresh-water  de- 

Dsit.     The  two  groups,  therefore,  might  be  tnily  contempora- 

eous,  and  yet  might  not  contain  the  same  fossils. 

The  Old  Red   Sandstone  is  pre-eminently  a  British  forma- 

on,  and  is  divisible  into  three  groups — the  Lower,  Middle, 

nd  Upper  Old  Red. 

The  hnoer  Old  Red  reposes  with  perfect  conformity  upon 

le  highest  beds  of  the  Upper  Silurians,  the  two  formations 

ppearing  to  pass  into  one  another  by  an  intermediate  series 

f  **  passage-beds,"  which  contain   large  Crustaceans  of  the 

iunily  of  the   Eurypierids.      The   Lower  Old  Red  consists 

kiainly  of  massive  conglomerates,  with  sandstones,  shales,  and 

soncretionary  limestones.     Its  organic  remains  consist  chiefly 

>f  plants,  Cnisiaceans,  and  fishes. 

The  Middle  Old  Red  of  Scotland  consists  of  dark -grey  flag- 
Hones,   bituminous,  flaggy  shales,  and  conglomerates,  some- 
imes  accompanied  by  shales  having  irregular  calcareous  no- 
ules  embedded  in  them.    The  fossil  remains  are  chiefly  fishes, 
irith  one  Crustacean,  and  a  few  plants. 

'  The  Upper  Old  Red  of  Scotland  consists  of  pebbly  con- 
Joroerates,  sandstones,  and  shales,  and  contains  many  fishes, 
\  good  many  fragments  supposed  to  belong  to  sea-weeds,  and 
ome  undoubted  land-plants. 

In   North  and  South   Devon  there  occurs,  underiying   the 

^rboniferous  Rocks,  a  great  series  of  strata  which  has  been 

regarded  as  the  equivalent  of  the  Old  Red  Sandstone.    Though 

Scrtainly  referable,  in  great  part  at  any  rate,  to  the  period  of 

he  Old  Red  Sandstone,  it  does  not  appear  that  the  Devonian 

{.ocks  can  be   regarded  as  the  equivalent  of  the  (Jld   Red 

Sandstone  of  Scotland.     The  Devonian  Rocks,  however,  are 

pai^ely  represented  on  the  continent  of  Europe,  and  they  are 

richly  fossiliferous ;  though  they  do  not  contain  any  of  the 

ehamcteristic   Crustaceans^  and   only  one  or  two  generic  re- 

resentatives  of  the  characteristic  fishes  of  the  Scotch  Old 

IRed. 

The  Devonian  Rocks  of  Devonshire  consist  essentially  of 
reenish  slates,  alternating  with  sandstones,  conglomerates, 
and  well-developed  bands  of  blue  crystalline  limestone  and 
calcareous  slates. 

'  In  no  counir)'  in  the  world  probably  is  there  a  finer  and 
more  complete  exposition  of  the  strata  intervening  between 
the  Silurian  and  Carboniferous  formations  than  in  the  United 
States.     The  following  are  the  main  subdivisions  of  the  Devo*^ 
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nian  Rocks  of  the  State  of  New  York,  in  which,  probably,  the 
series  is  most  typically  displayed : — 

1.  Oriskany  period  (Oriskany  Sandstone),* 

2.  Comiferous     period    (comprising    the  {  j  i^^    . 

Cauda-Galli  grit,  Schoharie  grit,  and  j"  ^^"  *^°^^ 
Upper  Helderberg  group),  ) 

3.  Hamilton  period  (comprising  the  Mar- 

cellus,      Hamilton,      and      Genesee 

4.  Chemung  period  (comprising  the  For-  [  Upper  Devonian. 

tage  and  Chemung  groups), 

5.  Catskill  period  (Catskill  Sandstone), 
Life  of  the  Devonian  Period. — Taken  as  a  whole,  the 

life  of  the  Devonian  period  may  be  regarded  as  transitional 
between  that  of  the  underlying  Silurian  and  overlj'ing  Carboni- 
ferous period.  As  far,  however,  as  our  present  knowledge 
allows  of  oiu-  forming  a  definite  opinion,  the  Devonian  fauna 
and  flora  approximate  more  nearly  to  those  of  the  succeed- 
ing Carboniferous  than  to  those  of  the  antecedent  Silurian 
period.  This  is  especially  shown  in  the  Devonian  plants, 
which,  as  has  been  already  pointed  out,  in  almost  all  cases 
agree  generically  with  those  of  the  Carboniferous ;  whilsi 
in  some  cases  they  are  even  specifically  identical.  Thus,  the 
Devonian  land  supported  an  abundant  vegetation,  in  which 
I^pidodendroids,  Sigillarioids,  Calamites,  Ferns,  and  Conifers, 
mostly  of  Carboniferous  types,  play  a  prominent  part.  There 
are,  however,  some  forms,  which,  like  Psilophyton^  are  as  yet 
not  known  to  have  occurred  in  the  Carboniferous  deposits. 

The  Protozoa  are  represented  in  the  Devonian  rocks  by  For- 
aminifcra  and  Sponges.  Of  the  latter,  Sparsispangia  is  the 
most  characteristic  genus.  {Stcganodictyum  is  the  buckler  of  a 
Pteraspidean  fish.) 

The  Gxletiterata  are  represented  by  the  Hydrozoal  genus 
Dictyonenia^  which  has  often  been  referred  to  the  GraptoUtes, 
and  by  very  numerous  and  varied  forms  of  corals.  No  true 
Graptolites  have  been  as  yet  detected,  unless  Dictyonona  be 
one.  The  corals  still  belong  mainly  to  the  groups  of  the 
J?ugosa  and  Tabuiata.  The  section  of  the  Tubuiosa  (Aulopor- 
id(s)  is  represented  here  for  the  first  time.  Here  also  occur 
the  singular  operculate  Rugose  corals  upon  which  the  genus 
Cakcohi  is  founded. 

The  Echimdermaia  are  represented  in  the  Devonian  period 
by  numerous  Crinoids    {Cuprcssocrinus,  Ap/ocrinuSy  Piatycri- 

*  The  Oriskany  .Sandstone,  though  here  placed  in  the  Devonian,  is  pro- 
bably really  the  summit  of  the  Upper  Silurian. 
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VMT,  &c),  along  vnih  Fmfremi/es ;  whilst  Cyslideans  are  stated 
SO  make  their  last  appearance  here. 

The  Articuhta  are  represented  by  numerous  Crustaceans, 
md  by  a  few  insects — the  latter  being  the  first  of  their  class. 
rhe  Crustaceans  are  abundant,  the  chief  forms  being  Trilobites 

K'Aacops,  Brorifais,  //t}rna/anv^us,&.c.),\a.T^e  Eur)'pterids  {Ptcry- 
kfLT,  Styhmtrus^  Eurypterus^  &c.),  and  Ostracodes  (EniomiSj 
ftrJUia,  Beyrichiay  inc.)  The  bivalved  carapaces  of  the  last 
nentioned  of  these  groups  are  very  abundant  in  certain  De- 
ronian  beds,  and  the  so-called  "Cypridinen-schiefer"  of  the 
Oevonian  series  of  Germany  derives  its  name  from  the  occur- 
rence in  it  of  vast  numbers  of  the  little  Entomis  (CyprUina) 
terra/i>-striata.  In  certain  Devonian  beds,  also,  the  remains  of 
the  Crustacean  genus  Esthcria  are  very  abundant.  The  Devo- 
nian Insects  appear  on  the  whole  to  have  the  closest  athnity 
Ivith  certain  of  the  existing  I^europtera  or  Psatdo-neuroptcra. 

The  Afoiiusca  are  largely  represented  in  Devonian  lime,  and 
the  Brachiopods  are  especially  abundant.  The  most  charac- 
leristic  forms  are  those  of  the  genera  5/r//(g7v^/M//// (fig.  144) 
Rnd  Undtes^  along  with  numerous  broad-winged  Spirifers  (such 
BIS  5*.  rnncronata^  fig.  14S).  Lamellibranchs  (such  ^?,  MegaUh 
tlan  and  Pterin^d),  (iasteroporls  {Macnxhahn^  Trochus^  Pkuro- 
tamaria,  &c),  and  Pteropods  {Conn/aria)  are  well  represented 
in  the  Devonian  Rocks.  As  in  the  case  of  the  Silurian  j^eriod, 
IK)  certain  traces  of  the  existence  of  DiUranchiatc  Cephato- 
pods  have  been  as  yet  detected  in  the  Devonian.  The  Tetra- 
branchiate  Cephaloi)ods,  however,  are  kno^^-n  by  true  NauiUi 
and  Orthoccrata,  and  by  die  genus  Oymatia.  The  family  of 
jthe  Ammonitidie  is  also  represented  by  the  genera  Goniaiites 
ftnd  Badrita. 

The  sub-kingdom  of  the  Vertei^raia  is  still  represented  by 
fishes  only ;  but  these  are  so  abundant  that  the  Devonian 
period  has  been  commonly  called  the  '*  Age  of  Fishes."  Most 
of  the  Devonian  Fishes  belong  to  the  order  of  the  Ganoids, 
Rnd  especially  to  the  two  groups  of  the  Cro$soptery);idai  and 
•Ostroiosta,  The  genera  C^phaiaspis^  Pteraspis^  PterUfUhySy 
and  CoccosUus^  do  not  survive  this  period,  and  there  are  many 
other  peculiar  Lepidoganoids  as  well.  Besides  Ganoids,  nu- 
merous remains  of  Elastfiohranchii  have  been  delected,  these 
being  referable  both  to  the  Cestraphori  and  to  the  Sehuhii.  It 
is  probable,  also,  that  some  of  the  Devonian  fishes  are  rightly 
refemble  to  the  order  Dipnoi^  finding  their  nearest  living 
allies  in  the  Mud-fishes  of  South  America  and  Africa,  and  the 
'  Barramunda  of  Australia. 
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CHAPTER   L. 

CARBONIFEROUS   PERIOD, 

Rocks  of  the  Period, 

Overlying  the  great  formation  of  the  Old  Red  Sandstone,  or 
Devonian  Rocks,  sometimes  unconformably  but  more  often  in 
perfect  conformity,  we  have  the  large  and  important  series  of 
the  Carboniferous  Rocks^  so  called  because  workable  beds  of 
coal  are  more  commonly  developed  in  this  than  in  any  other 
formation.  It  must  not  be  forgotten,  however,  that  coal  is  not 
exclusively  a  Carboniferous  product,  but  that  workable  seams 
of  coal  occur  in  several  formations  younger  than  the  Carboni- 
ferous. In  all  cases,  too,  the  coal  forms  but  a  very  small  pro- 
portion of  the  actual  thickness  of  the  Carboniferous  Rocks, 
occurring  in  comparatively  thin  beds  intercalated  in  a  great 
series  of  sandstones,  shales,  and  limestones. 

The  Carboniferous  Rocks  are  largely  developed  in  Britain, 
on  the  continent  of  Europe,  and  in  North  America,  and  arc 
known  to  occur  in  other  parts  of  the  world  also.  Their  general 
composition,  however,  is,  comparatively  speaking,  so  uniform, 
that  it  will  be  sufficient  to  take  a  general  view  of  the  fonnation 
without  considering  each  area  separately.  As  a  general  rule, 
the  Carboniferous  Rocks  may  be  divided  into  the  followTng 
three  groups,  from  below  upward : — 

1 .  The  Carboniferous  Slates  and  Mountain  Limestone^  mainly 
and  most  typically  calcareous.  Sometimes  termed  the  Sub- 
carboniferous  group. 

2.  The  MiUstotu  Grit,  essentially  arenaceous  and  conglom^ 
ratic. 

3.  The  Coal-measures^  composed  of  alternating  shales,  sand- 
stones, and  other  strata,  with  workable  beds  of  coal. 

I.  The  Carboniferous,  SuB-CARnoNiFERous,  or  Mountain, 
Limestone  constitutes  ordinarily  the  base  of  the  Carboniferous 
system.  In  Ireland,  however,  and  elsewhere,  the  lowest  beds 
of  the  Carboniferous  series  are  slates  and  grits,  which  attain  a 
maximum  thickness  of  5000  feet,  and  have  been  termed  the 
Carboniferous  Slates.  Their  fossils  are  partially  referable  to 
good  Carboniferous  types,  and  partly  to  Devonian  forms,  so 
that  they  may  be  regarded  as  passage-beds.  The  Carboni- 
ferous limestone  proper  in  its  most  typical  development,  as  in 
Wales  and  the  west  of  England,  consists  of  a  great  mass  of 
nearly  pure  limestone,  from  1000  to  2000  feet  thick,  with  a 
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m  beds  of  shale.  In  other  places,  however,  it  is  more  or 
BS  broken  up  into  a  series  of  different  beds  of  limestone, 

lemating  with  sandstones,  grits,  and  shales,  and  sometimes 
Kitaining  beds  of  coal.  In  North  America  it  is  never  purely 
Jcareous,  but  consists  mainly,  or  entirely,  of  sandstones  and 
lales,  sometimes  with  thin  beds  of  coal,  or  dei>osits  of  clay 
Dii-ore.  \Wstward,  however,  it  becomes  more  highly  cal- 
ireous. 

II.  The  Millstone  Grit. — The  highest  beds  of  the  Car- 
miferous  limestone  are  succeeded,  usually  conformably  but 
mctimes  unconfomiably,  by  a  series  of  sandy  and  gritty  beds 

lich  have  been  termed  the  AfUistone  Grit,  In  its  most 
pica!  form  the  Millstone  Grit  consists  of  a  series  of  hard 
lartzose  sandstones,  the  component  grains  of  which  are  some- 
nes  so  large  as  to  be  more  i>roperly  called  small  pebbles, 

len  the  rock  becomes  a  tine  conglomerate.     In  other  cases 

igular  conglomerates  are  present,  and  there  are  sometimes 
lates.  limestones,  and  thin  beds  of  coal.  The  thickness  of 
le  Millstone  Grit  varies  from  1000  to  1700  feet  as  a  rule; 
lit  sometimes  its  thickness  is  very  greatly  diminished.  Fos- 
Is  are  scarce,  and  offer  no  peculiarity. 

III.  The  Coal-mf.asurf-s.  —  The  Coal-measures  proper 
icceed  the  Millstone  Grit  conformably,  and  consist  of  a  great 
Ties  of  shale,  sandstone,  grit,  and  coal,  attaining  a  total 
ackness,  when  well  developed,  of  from  7000  to  15,000  feet. 
xcept  in  Scotland,  where  workable  coal-seams  occur  below 
le  horizon  of  the  Millstone  Grit,  it  is  mostly  from  the  true 
oal-measures  that  coal  is  obtained  ;  the  largest  and  most 
reductive  coal-fields  of  the  world  occurring  in  Britain,  North 
nierica,  and  Belgium.  In  their  mineral  nature,  the  Coal- 
easures,  all  over  the  worlds  exhibit  a  wonderful  general  uni- 
Irmity  of  comjwsition.  They  consist,  namely,  of  dark,  often 
early  black,  earthy  and  laminated  shales,  yellow,  brown,  and 
flrplc  sandstones,  sometimes  spotted,  but  very  rarely  red  in 
alour,  along  with  occasional  beds  of  limestone  and  clay  iron- 
re,  and  beds  of  coal  of  varying  thickness.  These  alternating 
eds  may  follow  one  another  in  any  order,  and  may  be  re- 
bated over  and  over  again,  the  total  thickness  sometimes 
laching  the  enormous  amount  of  14,000  feet,  or  nearly  three 
iilcs.  In  the  South  Wales  coal-fielfl  the  series  consists  as 
lual  of  sandstones,  shales,  and  coals,  alternating  \viih  one 
liother,  and  indicating  a  slow,  but  probably  intermittent, 
epression  of  the  area  which  they  now  occupy.  In  this  coal- 
eld  there  are  about  80  distinct  beds  of  coal,  each  of  which 
^presents  an  ancient  land-surface.     Each  of  these  beds  re- 
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poses  upon  a  sandy  shale  or  clay,  which  is  known  as  iht 
"underclay"  or  "floor"  of  ihe  coal, and  through  which  sfircad 
numerous  fossils  referred  to  the  genus  Sii^^mnria^  anri  no« 
known  to  be  the  roots  of  plants  {S/gi/Zaria).  Each  scamia 
also  surmounted  by  a  bed  of  shale,  forming  the  scvcallol 
**roof"  of  the  coal,  and  in  this  are  found  numerous  flattened 
and  compressed  branches  and  stems  of  plants. 

Life  of  the  Pkriod. — The  vegetation  of  the  Carboniferous 
period  is  exceedingly  luxuriant ;  but  its  characters  have  been 
already  so  fully  discussed  as  to  render  unnecessary  anything 
further  here  than  a  mere  allusion  to  its  chief  members.  The 
chief  feature  in  the  Carboniferous  flora  is  the  great  predominutce 
of  Cryptogams  as  compared  with  Phanerogams.  The  (umcT 
are  amply  represented  by  numerous  Ferns,  Calamites,  Lepido 
dendroids,  and,  perhaps,  Sigillarioids.  The  latter,  with  few 
exceptions,  are  represented  only  by  Gymnospermous  Exogwtfc 

The  Protozoa  are  represented  in  the  Carboniferous  rocks  bjf 
a  few  Sponges  and  by  the  shells  of  Foraminifera^  of  which  the 
genus  FusuUtia  (fig.  1 1 )  is  the  most  characteristic  The  teJti 
of  tliis  form  are  sometimes  so  abundant  as  almost  to  make  vb^ 
the  whole  of  certain  Hmestones, 

The  Catlcntcratcs  are  represented  almost  exclusively  !it 
Corals,  which  abound  especially  in  some  of  the  limestones  of 
the  Lower  Carboniferous  series.  Most  of  the  CarbonifeT- 
ous  Corals  belong  to  the  Tabulate  division  of  the  Zocniharii 
Scicrodermaia^  or  to  the  Rugosa^  and  amongst  the  more  impof- 
tant  genera  may  be  mentioned  LUhostroiion^  Syrin^o^a^  Ufa- 
dxtieia^  CyathophyUum^  Amplexus,  Favosites^  and  Chatdes. 

Of  the  Echinodcrmata  the  most  abundant  are  the  Crinoiih, 
which  occur  in  vast  profusion  in  most  of  the  limestones  of  th« 
Carboniferous  series.  The  most  important  genera  arc  AOistt- 
crinus^  Plaiycrinus,  Cyathocrinus,  Poteriocrinus,  and  Rhodetn- 
fius.  In  some  parts  of  the  Carboniferous,  Pentremitesarc  iho 
exceedingly  abundant  Lastly,  the  Echinoids  arc  represented 
by  the  two  abermnt  genera,  Archdocidnris  and  Paiachinm. 

Annelides  are  not  abundant,  witli  the  single  exception  of 
the  little  Spirorbis^  or  Aficroconckus,  carhonarius^  which  some- 
times occurs  in  great  plenty.  The  Crustaceans  belong  chidl) 
to  the  groups  of  the  Osiracoda  and  Pkyihpoda,  The  T 
bites  make  here  their  last  appearance  ;  the  genera  Phith^ 
Griffit/u'des,  and  Brachymtiopus^  being  the  last  of  the  act 
The  Eurypterids  also  appear  to  die  out  finally  in  the  Carbon- 
iferous. On  the  other  hand,  the  Xiphositra  are  now  repre- 
sented by  the  genera  Bdinttrus  and  PresHinchia  (fig.  1 19) ;  and 
the  Macrourous  Decapods  appear  to  cormncnce  their  existence 
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this  point.  Of  the  Phyllopo<ls,  the  best-known  genera  arc 
'Htkyro<arh  and  Lmia,  The  little  Osfracoda  are  often  exceed- 
igly  abundant,  some  of  them  belonging  to  marine,  and  others 
fresh-water  or  brackish-water  forms.  About  thirteen  genera 
been  already  detected  in  rocks  of  Carboniferous  age,  the 
t  important  being  Lep^ditia,  Bairdia^  Cypridina^  Cytlure^ 
^4B9ulona^  and  BeyrUhia^  of  which  the  last  appears  to  die  out 
re.  Besides  Crustaceans,  the  Arthropods  are  represented 
Arachuida^  Myriapoda^  and  Insecta. 

The  MoUusca  are  very  largely  represented  in  Carboniferous 

Poiyzoa  are  very  abundant,  the  most  characteristic  forms 

longing  to  the  genera  Faicskih^  PiUopora^  Rdepora,  and  Ar- 

^mtdipora.     Brachiopods  occur  in  profusion,  and  belong  as 

rule  to  very  well  marked  types.     The  great  family  of  the 

^mniuctiiia  attains  here  its  maximum,  most  of  the  remaining 

>rnis  belonging  to  the  genera  Spiri/cra^  Strop^wmcna,  Orihis^ 

!a,  Ttrreifraiuia^  nsvd  Disci fta.    Bivalves  are  very  numerous, 

md  the  family  of  the  Avicu/idie  reaches  here  its  maximum  of 

evelopment.     Other  well-known  Carboniferous  Bivalves  be- 

DDg  to  the  genera  Edmondia^  Posidotwmya^  Cortocardium^  and 

'^ardiomorpha.     The  Gusteropods  are  represented  mainly  by 

be  characteristically  Palaiozoic  genera  Afticrocheilus  and  Ij}x- 

nenia,  the  almost  exclusively  Pahneozoic  Euomphiilus^  and  the 

persistent  genus  Plettrotomaria,     Heteropods  (^i/iW(;//m«  and 

Pvrcdlid)  and  Pteropods  (Conuiaria)  are  also  not  unknown. 

No  Dibranchiate  Ccphalopods  are  as  yet  known  to  occur,  but 

the  Tetrabranchiates  are  well  represented — the  Nautiiida  by 

forms  of  Orthoceras  and   CyrtoaraSy  and  the  Ammonitida  by 

The  Vertebrates  arc  now  represented  by  Amphibians,  in 
addition  to  Fishes.  The  tatter  are  still  chiefly  Ganoid,  the 
commonest  forms  belonging  to  the  genera  Paiaoniscus^  Rhizo- 
duSf  and  Hoioptychius.  Besides  these  occur  numerous  teeth 
and  fin-spines  referred  to  Elasmobramhii^  the  most  important 
genera  founded  on  these  remains  being  Psammodtis^  Orodus^ 
CochiioduSy  C/adodus,  Ctenacanihus^  P/euracanthus,  Gyracanthus^ 
LepiacanihuSy  and  Orthacattthus.  The  Amphibians  appear  to 
belong  exclusively  to  the  extinct  order  of  the  Labyrinihodon- 
tia^  referred  to  many  genera,  of  which  the  most  important  are 
ArcfiegosauruSy  AnthnuosauruSy  and  Bapheta.  Some  of  the 
remains,  however,  of  the  air-breathing  Vertebrates  of  the  Car- 
boniferous period  are  perhaps  higher  in  the  scale  than  Laby- 
rinthodonts  ;  and  they  have  been  supposed  to  indicate  the 
existence  at  this  time  of  true  Reptiles. 
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Rcx:ks  of  the  Period. — The  Carboniferous  scries 
ceeded  by  a  group  of  beds,  which  complete  the  Pa 
formations,  and  which  were  termed  Permian  Hocks 
Roderick  Murchison,  from  the  province  of  Perm,  in  R 
where  they  are  extensively  developed.  Formerly  these 
were  grouped  with  the  succeeding  formation  of  the  Trias  u: 
the  common  name  of  "  New  Red  Sandstone."  This  name 
was  given  them  because  they  contain  a  good  deal  of  ro' 
stone,  and  because  they  are  superior  to  the  Carbo; 
rocks,  while  the  Old  Red  Sandstone  is  inferior.  Nowjai)\ 
however,  the  term  ''  New  Red  Sandstone"  is  rarely  employed, 
unless  it  be  for  red  sandstones  and  associated  rocks,  which  arc 
seen  to  overlie  the  Coal-measures,  but  which  contain  nofosiU 
by  which  their  exact  age  may  be  made  out.  Under  ihcK 
circumstances  it  is  sometimes  convenient  lo  employ  the  ion 
'*  New  Red  Sandstone."  The  New  Red,  however,  of  thctrfdcr 
geologists  is  now  broken  up  into  the  two  formations  of  the 
Permian  and  Triassic  rocks,  the  former  being  the  top  of  the 
Palaeozoic  series,  and  the  latter  constituting  the  base  of  tk 
Mesozoic. 

The  Permian  rocks,  as  a  rule,  repose  unconforroably  upon 
the  underlying  Carboniferous  rocks,  but  seem  to  jiass  upwari 
conformably  into  the  Trias,  in  most  instances.  The  division, 
therefore,  between  the  Permian  and  Triassic  rocks,  and,  cob- 
seqiiently,  between  the  Palaeozoic  and  Mesozoic  series,  is  not 
founded  upon  any  marked  or  universal  phj-sical  break,  but 
upon  the  difterence  in  the  life  of  the  two  periods. 

The  Permian  rocks  exhibit  their  most  typical  features  in 
Russia  antl  Ciermany,  though  they  are  very  well  de\'eIoped  m 
parts  of  Britain,  and  they  occur  in  North  America,  \Mwb 
well  developed,  they  exhibit  three  main  divisions  :  a  lower  act 
of  sandstones,  a  middle  group,  generally  calcareous,  and  aa 
upper  series  of  sandstones,  constituting  respectively  the  Loner. 
Middle,  and  Upper  Permians. 

In  Russia,  Germany,  and  Britain,  the  Permian  rocks  coi>- 
sist  of  the  following  members  : — 

I.  The  Loivtt  Permians  consisting  msunly  of  a  great  series 
of  sandstones,  of  different  colours,  but  usually  red.  Tbebi« 
of  this  scries  is  often  constituted  by  massive  breccias  with 
included  fragments  of  the  older  rocks,  upon  which  they  tnay 
happen  to  repose ;  and  similar  breccias  sometimes  occur  in 
the  upper  portion  of  the  series  as  welL    The  thickness  of  lltts 
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ies  a  good  deal,  but  may  amount  to  3000  or  4000 

e  Middie  Permiansy  consisting,  in  their  typical  de- 
nt, of  laminated  marls,  or  "  marl-slate,"  surmounted 
of  niagnesian  limestone  (the  "  Zedistein  "  of  the  Ger- 
geologists).  Sometimes  the  limestones  are  degenerate  or 
ly  deficient,  and  the  series  may  consist  of  sandy  shales 
jypsiferous  clays.  The  magnesian  limestone,  howe%'er,  of 
Widdle  Pennians  is,  as  a  rule,  so  well  marked  a  feature 
it  was  long  spoken  of  as  the  Magnesian  Limestone. 

The  Upp€r  Pcrmiansy  consisting  of  a  series  of  sandstones 
shales,  or  of  red  or  mottled  marls,  often  gypsiferous,  and 
stiraes  including  beds  of  limestone. 

North  America,  the  Permian  rocks  appear  to  be  confined 
le  region  west  of  the  Mississippi,  being  especially  well  de- 
ped  in  Kansas.  Their  exact  limits  have  not  as  yet  been 
&  out,  and  their  total  thickness  is  not  more  than  a  few 
Ired  feet.  They  consist  of  sandstones,  conglomerates, 
nones,  marls,  and  beds  of  g>'psum. 
TJL  OF  THE  PKKron. — The  Permian  Rocks  have  yielded 
ry  considerable  numlier  of  plants,  most  of  which  are  spcci- 
y  distinct  from  those  of  the  Coal-measures.  Though  the 
[es,  however^  are  distinct,  many  of  the   Permian  genera 

back  to  the    antecedent   Carboniferous   period.     Thus, 

es  several  genera  of  Carboniferous  Ferns,  the  Permian 
LS  contain  the  well-known  genera  Ltpidcdendron  and  Ca/a- 
.  The  Sigillarioids,  however,  seem  to  have  finally  dis- 
ored.  Conifers  are  by  no  means  uncommon,  and  some 
ese  {Ui/mama)  produce  true  cones.  The  genus  Wti/<hia 
irises  the  most  characteristic  of  the  Permian  Conifers. 
le  Protozoa  are  represented  in  the  Permian  def>osils  by  a 
Sponges  and  Foraminifera.  'I'he  Co^Uttteratts  are  rcpre- 
:d  by  Corals,  but  these  are  rarely  abundant.  The  Pugosa 
educed  here  to  the  single  genus  PoiyaeHa,  Crustaceans 
also   by  no   means   largely  represented.     The    Triiobita 

disappeared,  as  have  the  Eurypterids.  The  King-crabs 
\ulus)  are,  however,  represented  by  one  species.  Ostraeoda 
olerably  abundant,  and  the  genus  Prosopcmiscus  has  been 
rded  as  referable  to  cither  the  hopoda  or  the  Amphipoda, 
ly,  the  genus  /lemitrochisats  has  been  founded  for  the 
prion  of  a  Permian  fossil  which  has  been  regarded  as  the 
lins  of  a  true  Crab.  If  this  determination  be  correct,  the 
\  of  Brachjoirous  Deca]>ods  has  its  commencement  here. 
Molluscs  occur  in  greater  abundance  than  any  of  the  pro- 
ng. The  genera  Pmestella  and  AcaniAocladia  teyic&ewvvVvt 
a  L 
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Poiysoa.     The   most  important  genera  of  Brachiopods  m 

Spirifrra,  Producta^  StrophaJosiay  Camaropfufna^  2Si^  Uffik 
Bivalves  are  moderately  numerous^  the  commonest  form  ^ 
longing  to  the  family  Tri^oniadiz  and  to  the  genus  .iam 
(Sc/tizodus).  Other  forms  belong  to  the  genera  ^fytth^s, 
wellia^  and  Avicu/a.  Gasteropods  and  Cei)hak)f)0(iiare, 
the  whole,  very  poorly  represented  in  the  Pcmiian  sctici 
The  most  important  Permian  fossils  arc  referable  la 
Verirbrata.  Fishes  are  comparatively  very  abuntlant  iod 
long  almost  entirely  to  the  order  of  the  Ganoids.  The 
characteristic  genera  are  Paiaoniscus^  Phtpomm, 
Gyropristis^  Acroiepis^  and  Gshcanthus.  The  Aniihtltiiiis 
represented  by  various  forms  belonging  to  the  Ljhynidi 
True  Reptiles  are  represented  by  the  ProUyrimurm 
"  Kupfer-schiefer"  of  Germany,  and  somewhat  d 
the  Chelonian  footprints  {ChfHchnus)  from  the  Pi 
stones  of  Dumfriesshire. 


CHAPTER    LI. 

TRIASSIC     PERIOD, 

Rocks  or  the  Period. 

We  come  now  to  the  consideration  of  the  great 
Secondary  series  of  formations,  consisting,  in  ascendi 
of  the  Triassic,  Jurassic,  and  Cretaceous  systems.  TbcTl 
sic  group  forms  the  base  of  the  Mesozoic  scries, and' 
sponds  with  the  higher  portion  of  the  New  Red  SandstooeJ 
the  older  geologists.  Like  the  Permian  Rocks,  and  as 
by  its  name,  the  Trias  admits  of  a  subdivision  into 
groups — a  Ixiwer,  Middle,  and  Upper  Trias.  Of  these 
divisions  the  middle  one  is  wanting  in  Britain;  andAllJ 
received  German  names,  being  more  largely  and  1)1 
veloped  in  Gemaany  iliai^  in  any  other  country.  TbM 
Lower  Trias  is  known  as  the  Bunter  Sattdstrin;  the 
Trias  is  called  the  Muschdkalkt  and  the  Upper  Trias  is  1 
as  the  Keaper. 

I.  The  lowest  division  of  the  Trias  is  known  a« 
Sandstdrif  from  the  generally  variegated  colours 
which  compose  it  (German,  bunt,  variegatedV 
Sandstein   of  the  continent  of  Europe  consi 
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hite  sandstones,  with  red   clays,   and  thin   limestones,  the 
hole  attaining  a  thickness  of  about   1500  feet.     The  term 
marl "  is  very  generally  employed  to  designate  the  clays  of 
the  Lower  and  Upper  Trias,  but  the  term  is  inappropriate,  as 
fehcy  contain  no  lime,   and  arc  therefore  not  genuine  marls. 
lId  Britain  the  Bunier  Sandstein  consists  of  red  and  mottled 
[sandstones,  with  unconsolidated  conglomerates,  or  **  pebble- 
beds,"  the  whole  having  a  thickness  of  about  1200  feet     The 
Bunter  Sandstein,  as  a  rule,  is  very  barren  of  fossils. 

IL  The  Middle  Trias  is  not  developed  in  Britain,  but  it 
is  largely  developed  in  Germany,  where  it  constitutes  what  is 
know-n  as  the  Afusc/it/ka/k  {i^^rm.  Afusche/,  mussel ;  ka/k,  lime- 
stone), from  the  abundance  of  fossil  shells  which  it  contains. 
The  Muschelkalk  consists  of  compact  grey  or  yellowish  lime- 
stones, sometimes  dolomitic,  and  including  occasional  beds  of 
gypsum  and  rock-salt. 

III.  The  Upper  Trias,  or  KeuJ>er,  as  it  is  generally  called, 
occurs  in  England  ;  but  is  not  so  well  developed  as  it  is  in 
Germany.  In  Britain  the  Keuper  is  about  rooo  feet  in  ihick- 
Dess,  and  consists  of  white  and  brown  sandstones,  with  red 
niarls,  the  whole  tapped  by  red  clays  with  rock -salt  and 
gypsum. 

The  Keiiper  in  Rriiain  is  extremely  nnfQSsiliferous ;  but  it 
^passes  upwards  with  perfect  conformity  into  a  very  remarkable 
teroiip  of  beds,  at  one  time  classed  with  the  Lias,  and  now 
Bcnown  under  the  names  of  the  Penarth  beds  (from  Penarth,  in 
Glamorganshire),  the  Rha;tic  beds  (from  the  Rha^tic  Alps),  or 
Hie  Aria//t2  con/orta  licils  (from  the  occurrence  in  them  of 
Rreal  numbers  of  this  peculiar  Bivalve).  'Jhese  singular  beds 
Kave  been  variously  regrirded  as  the  highest  beds  of  the  Trias, 
cr  the  lowest  beds  of  the  Lias,  or  as  an  intermediate  group. 
Trhe  phenomena  observed  on  the  Continent,  however,  render 
it  best  to  consider  them  as  Triassic,  as  they  certainly  agree 
-with  the  so-called  St  Cassian  or  Kossen  beds  which  form  the 
top  of  the  Trias  in  the  Austrian  Alps. 

The  Penarth  beds  occur  in  Glamorganshire,  (Tloucestershire, 
Warwickshire,  Staffordshire,  and  the  north  of  Ireland ;  and 
they  generally  consist  of  a  small  thickness  of  dark  grey  and 
black  shales,  siumounted  conformably  by  the  lowest  beds  of 
the  Lias.  The  most  characteristic  fossils  which  they  contain 
are  the  three  Bivalves  Cardium  Rhaiicum^  Avicula  contorta, 
and  Pfdtn  Vahnicttsis ;  but  they  have  yielded  many  other 
fossils,  amongst  which  the  most  important  are  the  remains  of 
Fishes  and  small  Mammals  (Microicstes). 
In  the  Austrian  Alps  the  Trias  terminates  upwards  in  an 
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extraordinary  series  of  fossiliferous  beds,  replete  inth 
fossils.    Sir  Charles  Lyell  gives  the  following  table  of  thae 
remarkable  deposits : — 

Strata  bd<m  the  Lias  in  the  Austrian  Alps,  in  Descending  Order, 

/Grey  and  blmck  iimestone,  witb 

marls  having  a  thickness  of  abod  a 
feet.  Among  the  fMsils,  Bnchk^ov 
very  numerous  ;  some  few  specks  cob- 
mon  to  the  genuine  Lias;  manypKi. 
liar.  Avicula  contorta^  Pectem  Ytlh 
niensist  Cardmm  Rhatsmm^  Avink 
ina^rvahnSf  Sfiirifer  MUnsteri,  Dst. 
Strata  containing  the  above  foiiik  ^ 
temate  with  the  Dachsteia  beds,  lyiii| 
next  below. 


I.  Koessen  beds. 

{Synonyms,  Upper  St 
Cassian   beds  of  Escher  * 
and  Merian). 


2.  Dachstein  beds. 


V 

/White  or  greyish  limestone,  oftea  in  bcdi 

I     three  or  four  feet  thick.    Total  thkfc- 

I '    ness  of  the  fonnation  above  aooo  fat 

1      Upper    part    fossiliferous,    with  sook 

strata  composed  of  corals.      {Uikodn- 

dron.)     Lower  portion  without  foisU 

Among  the  characteristic  shells  are  Hf 

mUaraium  Wuiferii^  Me^odontri^mdia, 

and  other  large  bivalves. 

Red,  pink,  or  white  marble,  from  Soo  td 
looo  feet  in  thickness,  containing  nmc 
than  Soo  species  of  marine  fossils  ibr 
the  most  part  moUusca.  Many  spcdei 
of  Orthoceras.  True  Ammomiies^\ieaiek 
CeratiUs  and  Goniatiits^  BdemniUi  (nnf, 
Porcellia^  Pleurotomaria,  Trockm^  Mm^ 
tis  saihiaria^  &c 

A.  Black  and  grey  lime- 
stone 150  feet  thick, 
tematingwith  the 
derlying  Werfen  beds.  / 

B.  Red  and  green  shale  | 
and  sandstone,  with  I 
salt  and  gypsum.  / 

In  the  United  States,  rocks  of  Triassic  age  occur  in  several 
areas  between  the  Appalachians  and  the  Atlantic  seaboard; 
but  they  show  no  such  triple  division  as  in  Germany,  and  their 
exact  place  in  the  system  is  uncertain.  The  rocks  of  these 
areas  consist  of  red  sandstones,  sometimes  shaly  or  congloroer- 
atic,  occasionally  with  beds  of  impure  limestone.  Other  more 
extensive  areas  where  Triassic  rocks  appear  at  the  surface,  are 
found  west  of  the  Mississippi,  on  the  slopes  of  the  Rocky  Moun- 
tains, where  the  beds  consist  of  sandstones  and  gypsiferous 
marls.  The  American  Trias  is  chiefly  remarkable  for  ha\'iiif; 
yielded  the  remains  of  a  small  Marsupial  (I>romatherium)  and 


Hallstadt  beds 
(or  St  Cassian). 


4.  A,  Guttcnstcin  beds. 
B.   Werfen  beds,  base  of 
Upper  Trias? 
Lower  Trias  of  some 
geologists. 


ime- 1 

:,  al-  I  Among  tbrfiMiili 


acitei  /aatra- 
ns.    S'titLrlU 

ttStMtMt  &£. 
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arous  footprints,  which  have  generally  been  referred  to 
» {firontozoum)^  along  with  the  tracks  of  undoubted  Rep- 
[ptozoum,  Anisopus,  &c.) 

PE  OF  THE  Triassic  Period. — The  Triassic  period,  as 
^  its  plants  and  animals,  is  in  many  respects  intermedi- 
•etwcen  the  Palaeozoic  and  the  later  Mesozoic  deposits, 
I  being  itself  decidedly  Mesozoic.  Amongst  the  plants 
are  some  Palaiozoic  types  (such  as  Caiamites) ;  bnt  there 
longer  a  marked  predominance  of  Cr)'ptogams,  and  the 
Ig  forms  are  Ferns  (Pccopteris^  NeuropUris^  Acrosiuhites^ 
Cycads  {Ptfrophyllum,  Podozamitcs^  &c,),  and  Conifers 
ly  belonging  to  the  genus  Voltzid), 

e  Protozoa  are  re[jresented  in  Triassic  times  by  several 
;es  {Amarphospongia,  CupuUsponn^ia^  I^iospofigia^  &c.) 
s  are  by  no  means  infrequent  in  the  Muschelkalk,  and  in 
of  the  limestones  of  the  Upper  Trias  ;  but  they  are  other- 
rare.  They  belong  mostly  to  Secondary  types,  such  as 
fivaitiaj  Synastraa^  Acrosmiiia,  Eunomia^  &c.  'I'he  Echi- 
rms  are  rarely  abundant,  but  two  forms  are  exceedingly 
cteristic  of  the  Muschelkalk.  These  are  the  beautiful 
sncrinite,  Eturinus  liiiiformis  (fig.  80),  and  the  little 
urid,  Aspidura  hricata  (fig.  71). 

liculates  are  not  abundant,  with  the  exception  of  Ostra- 
which  arc  sometimes  very  plentiful.  The  other  common 
s  are  referable  to  Esthcria  ;  but  Macnirous  Decapods  have 
been  detected.  Resides  Crustaceans,  several  forms  of 
:ts  have  been  discovered. 

le  AfoUusca  are  exceedingly  abundant  in  parts  of  the  Trl- 
series,  and  they  exhibit  an  extraordinary  intermixture  of 
ozoic  and  Mesozoic  types.  This  is  shown  in  a  synoptical 
ler  in  the  following  table  of  the  Moiiusca  of  the  Upper 
;  of  the  Austrian  Alps,  given  by  Sir  Charles  Lyell  in  his 
nents  of  Geology  : ' — 


Genera  of  Fossil  Moiiusca  in  the  St  Cassian  and  Nallstadt  Beds. 


BOO  to  OUer  Rocks. 

Cluractcmlic  Triassic 
GcDcrm. 

CommoD  to  Newer  1 

toccras. 

Ccraiilcs. 

Ammonites. 

loceras. 

Scoliostoma  (or 

Bclcmnites. 

UAtites. 

CoeMearia  J. 

Nerinara. 

oncrna. 

NaticeUa. 

Opis. 

niKrllti. 

PlatyMoma. 

Cardita. 

rcnisonia. 

Isoarca. 

Trigonia. 

imptiAlus. 

Plcurophonis. 

MyocoDchus. 

ccllio. 

Myophoria. 

Ostrca.     1  sp 

ZAlodon. 

MonotU. 

Plicatiila. 

ST 

Koninckia. 

Thccidium. 
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From  ihe  above  table  it  will  be  seen,  that  amongst  the  G€u 
Uropoda  the  Trias  has  yielded  the  chara-cterisiic^' 
Loxoncma^   Holopella^    Murchisonia^  and    Euomr-- 
which  commence  their  existence  in  the  Silurian  jtcnod.    VVuh 
these  are  forms  like  Scolivstoma  and  Piaiyiioma^  whirh  ir 
characteristically  Triassic,  and  these  are  associated  v. 
a  typical  Jurassic  genus  d^  AWtPttea,     Amongst  the  1 
we  find  the  PaKncozoic  Af^aiodon  side  by  side  with  tbt. 
Monotis  and  Myvphoria,  these  being  associated  with  ;.,^   .-. 
goniiZy  PUcaiitia,  and  Oysters  of  later  deposits.     The  Brachi. 
opods  exhibit  the  Palxozoic  Cyrtia^  with  the  Triassic  Ki^nau- 
kia^  and  the  modern  genus   Thecidium,     Lastly,  amongst  Uic 
Ccphalopods,  this  same  intermingling  of  old  and  new  tjpa  ii 
shown  in  its  most  striking  fonn.   The  ancient  genera  0nJu\tf4s^ 
Cyrioceras^  and  GimUiiiUs  appear  here  for  the  last  lime  upon 
the  scene.     With  theseare  the  first  Dibranchtate  Cephaloporti, 
represented    by  the  great  Mesozoic  genus  Bfh  \t 

Ammonitidcc^  with  the  disappearance  of  the  t  ;  ;  t!y 
simple  Gofiiatitcs,  are  represented  by  the  more  complex  tir* 
(iies^  which  is  exclusively  Triassic;  %vhilst  the  still  more  coo- 
plicated  genus  Amttwniks  makes  its  first  appearance  here,  ud 
is  never  again  wanting  till  we  reach  the  close  of  the  Mesoioie 
period. 

The  Veriehrata  are  represented  in  the  Triassic  period  ip- 
parently  by  members  of  all  the  existing  classes.  Fishes  ii? 
very  numerous,  and  belong  chiefly  to  tlie  Hybodonts,  Aao- 
donts,  and  Ganoids.  Amongst  the  more  important  forms  n 
find  the  Palceoxoic  genera  Paiitvniiais  and  AmHyptrrus,  with 
the  Secondary  Hybodus  and  Acrodus^  and  the  Triassic  geniii 
SaurUhthys.  We  may  also  assert  now  with  tolerable  saiVtr. 
that  the  order  of  the  Dipnoous  Fishes  was  represented  tn 
Triassic  limes  by  various  species  of  the  genus  Cera/odus. 

The  Amphibians  of  the  Trias  are  known  both  by  the  actual 
bones  and  teeth,  and  still  more  commonly  by  their  footprinis. 
They  belonged  exclusively  to  the  order  of  the  LahyruUh^dm- 
tiay  which  disappears  finally  at  the  close  of  this  period. 

Of  the  living  orders  of  the  Reptiles,  the  Chelonians  are  only 
known  by  more  or  less  doubtful  footprints  ;  the  Laccrtiliati; 
are  represented  by  T^dcrpeton  zxiA  Rhytuhosaurus  (the  la^t  often 
referred  to  the  Dicynodonts) ;  the  Cro€odiIia  are  represented 
by  Stagpnoiepis^  Bdodofi^  T/taodimfosaurus,  and  Paiaoiauna 
(the  last  two  referred  by  Huxley  to  the  Deinosaurs) ;  and  the 
Ophidians  do  not  appear  to  have  yet  commenced  Uieir  exist- 
ence. Of  the  extinct  orders  of  Reptiles,  the  Pterosaurs  are 
unknown  in  the  Trias,  and  the  Ichthyosaurs  are  not  with  cer- 
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Uinty  IcnowTi  to  have  existed.  The  Plesiosaurs  are  represented 
by  species  of  PUsiosaurus  itself,  and  by  tlie  allied  genera  Simo- 
saurus^  JVoihosaurus,  Pistosaurus^  &c.  The  Anomodontia  are 
represented  by  the  genera  Dicyfwdou  o-nd  Oudetiodon ;  whilst 
Rkynchosannis  is  referred  by  Owen  to  this  group.  Lastly,  the 
Deinosaurs  are  represented,  according  to  Huxley,  by  several 
forms,  amongst  whicli  the  most  important  are  the  "Thecodont" 
Pala^^saurtis  and  Thaodontosaurus^  both  of  which  have  been 
referred  by  other  writers  to  different  groui)s  of  the  Keptilia. 

The  existence  of  Birds  during  ihe  Triassic  period  must,  as 
yet,  be  regarded  as  uncertain.  The  only  evidence  as  to  their 
existence  which  has  been  hitherto  obtained,  consists  in  the 
paired  footprints  which  have  been  already  spoken  of  as  occur- 
ring in  the  Triassic  strata  of  tlie  Connecticut  Valley.  These 
footprints  are  very  numerous,  and  are  often  of  very  large  size; 
and  there  is  no  doubt  but  that  many  of  ihcm  were  produced 
by  animals  walking  upon  two  legs.  Some  of  them,  however, 
have  been  unquestionably  produced  by  Reptiles ;  and  it  must 
at  present  remain  uncertain  whether  all  have  been  thus  formed, 
or  whether  some  may  not  have  been  formed  by  Birds.  The 
probabilities,  however,  are  in  favour  of  the  view  that  some  of 
these  tracks  are  truly  ornithic. 

I^astly,  the  Mammals  are  represented  in  the  Trias  only  by 
j  the  small  forms  referred  to  the  genera  MicroiesUs  and  Droma- 
j  thtrium^  both  of  which  are  probably  referable  to  the  order  of 
I  the  Marsupials. 

[  Succeeding  to  the  Trias,  we  have  a  great  series  of  Rocks 
which  are  known  as  the  OoiiiJc  Rocks^  from  their  commonly 
containing  oolitic  limestones,  or  as  the  Jurassic  Scries^  from 

I  their  being  largely  developed  in  the  mountain-range  of  the 
Jura,  on  Uie  western  borders  of  Switzerland.  The  Jurassic 
Tocks  are  very  extensively  developed  in  Britain,  where  they 
consist  of  the  following  members  in  ascending  order  : 

I.  Lias. 

II.  Lower  Oolites  (consisting  of  the  Inferior  Oolite,  Fuller's 

Earth,  Great  Oolite,  Stonesfield  Slate,  &c.) 
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III.  Middle  Oolites  (Oxford  Clay  and  Coral  rag). 

IV.  Upper  Oolites  (Kimmeridge  Clay,  Portland  Ston^  lad 

Purbeck  beds). 

I.  The  Lias  succeeds  the  uppermost  beds  of  ihc  Trias  widi 
perfect  conformity,  and  passes  upward,  generally  confomuUT, 
into  the  lowest  beds  of  the  Lower  Oolites.  Ii  consists  nsca- 
tially  of  a  great  series  of  bluish  or  greyish  laminated  dajx 
alternating  with  thin  bands  of  blue  or  grey  limcstanc  iht 
whole  assuming  at  a  distance  a  characteristically  striped  i&d 
bandeii  appearance. 

II.  The  I^mver  Oo/ttes  consist  of  calcareous  freestones  (In- 
ferior Oolite),  shales,  clays,  and  niarls  (FuUer'&  earth)!,  &n^ 
grained  Oolitic  litnestoncs  (Great  Oolite),  with  calcarcoui 
flags  at  the  base  (Stonesfteld  slate),  and  superiorly  shelly  Iudc- 
slones  and  calcareous  sandstones  (Forest- marble  and  Coni- 
brash),  the  whole  having  a  thickness  of  from  400  to  500  fed 
In  Yorkshire  the  Lower  Oolites  consist  of  limestones  with  cu- 
bonaceous  shales  and  thin  seams  of  coal,  which  are  suffidently 
extensive  and  constant  to  be  worked  for  coal.  Of  this  age, 
also,  is  probably  the  coal-field  of  Brora,  in  Suiherlandshirc,  a 
the  north  of  Scotland. 

III.  The  MUMf  OoHtcs  are  composed  of  a  great  mass  of 
dark-blue  tenacious  clay  (Oxford  clay),  with  a  maximum  thick- 
ness of  700  feet,  sumaounted  by  from  150  to  250  feet  of  lime- 
stones, known  as  the  Coral-rag,  from  the  number  of  corals  con- 
tained in  them. 

IV.  The  6)>/^  (!?<?//ytr  consist  in  Britain  of  laminated,  50ln^ 
limes  carbonaceous  or  bituminous  clays  (Kinmieridge  dijri, 
forming  the  base  of  the  group,  and  having  a  thickness  of  500 
or  600  feet.  These  are  succeeded  by  sandstones  and  lime- 
stones (Portland  stone)  of  about  120  feet  in  thickness;  ant) 
the  fonnation  is  capped  by  a  remarkable  group  of  alter-  ■ 
strata  of  fresh-water,  brackish-water,  and  marine  beds,  Hi  , 
land-surfaces,  the  whole  known  as  the  Purbeck  beds,  inii 
having  a  united  thickness  of  about  150  feet  Of  the  same  age 
as  the  Upper  Oolites  in  Britain  is  the  Solenhofen  slate  (rf 
Bavaria,  an  exceedingly  fine-grained  stone,  which  is  lai^elv 
used  in  lithography,  and  is  celebrated  for  the  number  and 
beauty  of  its  organic  remains,  especially  those  of  VertcbraK 

Rocks  belonging  to  the  Jurassic  series,  in  the  form  of  lii 
stones  and  marls,  have  been  detected  by  their  fcssils  in 
Laramie  Mountains  and  in  other  portions  of  the  Rocky  M< 
tains,  and  also  at  various  points  in  Arctic  America.     The 
tent,  however,  of  these  beds  is  unknown,  and  no  subdivisic 
have  hitherto  been  established  in  them. 


JURASSIC  PERIOD. 


537 


Life  of  the  Period.  —  The  vegetation  of  the  Jurassic 
penod  is  characterised  by  the  abundance  of  Fems,  Cycads, 
Utd  Conifers — the  Cycadacfa  attaining  here  their  maximum  of 
dcvclopmeni. 

The  Prototoa  are  represented  by  numerous  Foraminifira 
md  by  Sponges.  Of  the  former  the  genera  Involtttina^  Nodo- 
mria,  Cristeiiaria^  Dattaiina^  and  Fronduuiaria  may  be  men- 
tioned as  amongst  the  most  important.  Of  the  latter  the  chief 
forms  belong  to  Cribrospongia^  A^tinospon^a^  Porospott^Oy 
Goniospottgia^  Ptrispongia,  Chcnendopora^  and  Scyphia, 

The  Ccelenteralcs  are  represented  in  the  Jurassic  period  by 
puinerous  corals,  which  are  exceedirv.'iy  abumiant  in  some  of 
[the  limestones  of  the  series  (such  as  the  Coral-rag  and  the 
Great  Oolite).  The  number  of  Oolitic  genera  of  Corals  is 
very  large,  but  the  commonest  and  most  characteristic  forms 
fcelong  to  ThamnastrcRdj  hastraiiy  Prumastrcea,  Anabaciay  Mont- 
drtra/tia,  ThecosmiHa,  Eunomia^  Protoseris^  Comos^ris,  Den- 
^areay  Doityiarea^  LobacanUiy  Ap/ophyZ/idj  Trochocyathus^  and 
Styihui, 

The  Echinoderms  are  very  largely  represented  all  through 
the  Jurassic  Series.  The  Crinoids  are  represented  both  by 
stalked  forms  (Pett/acrinns,  Exiracrinus,  Apiocrinus^  &c.)  and 
by  free  forms  {Sa^cosoma).  Echinoids  are  extremely  abimdant 
in  many  parts  of  the  series,  the  commonest  generic  types  being 
HcmidJaris^  Diadcma,  Psauiodiadcrna^  NucicvUia^  Dysaster 
{Coiiy rites),  Acrosahnm,  and  Cidaris.  True  Star-fishes  ( Uraster^ 
Tropidastcr^  Plumastcr,  So/aster ,  and  Astropect(n)  are  not  un- 
known, and  Ophiuroids  {Ophiodermay  Ophio/epis^  Acrouray  &.C.) 
arc  far  from  uncommon. 

As  regards  the  Arthropods,  Crustaceans  arc  abundantly 
found  in  certain  beds  (especially  in  the  Solenhofen  Slates). 
The  orders  which  are  most  largely  representetl  are  the  Decapoda 
(with  many  forms,  both  Macmrous  and  Brachycroiis),  the  Cir- 
ripedia^  and  the  Ostnuoda.  Besides  Crustaceans,  the  Oolitic 
rocks  have  yielded  numerous  Insects,  belong  to  the  orders 
CoU^ptera^  Neuroptera.,  Orihoptcra,  Hemiptera^  Diptera,  and 
Hymtnoptt^a.     True  Spiders  have  also  been  detected. 

Coming  to  the  Afo/lusca^  Brachiopods  are  still  abundant, 
though  they  do  not  till  such  a  predominant  place  in  the  marine 
(auna  as  in  many  Palaeozoic  deposits.  The  Pala-ozoic  genera 
Lcptana  and  Spirijera  appear  here  (in  tlie  Lias)  for  the  last 
time;  and  most  of  the  Jurassic  forms  belong  to  the  modem 
genera  Tcrebratula  and  Rhynchoftdia.  Bivalves  are  very  abun- 
dant, and  approximate  in  many  respects  to  existing  forms. 
The  sub-genera  Gryphaa  and  Exogyra  amongst  the  Oysters, 
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along  with  numerous  fonns  of  Osfrea  itself^  and  the  gcnm 
Tri^oniay  Lima  (F/agiostoma),  PJwiadcmya^  Cardinia^  aiui 
Avicuia  may  be  mentioned  as  comprising  most  of  the  «!»• 
moner  forms.  One  of  the  most  remarkable,  however,  of  ^ 
Oolitic  genera  of  Lamellibranchs  is  iJictras  (6g-  189).  «•■ 
prising  certain  singular  shells  allied  to  the  existing  CA«4 
These  are  so  abundant  in  a  limestone  of  the  Alps  of  the  j^ 
of  the  Coral-rag  as  to  have  gained  for  this  formation  the  UDe 
of  "  Diceras  Limestone.'' 

Of  the  Gasteropoda  there  are  many  examples  of  the  inool 
genus  Pfcurotomaria :  but  on  the  whole  the  Univalves  buf  i 
modem  aspect.      PJolostomatous   Univalves,  such  ai  .^  '-■ 
Patvila,  JVa/iftJ,  Turritella^  Chemnitzui^  and  ^erimea.  sui.  h.M. 
a  predominant  place  ;  and  species  of  the  last-named  tc.  :' 
especially  characteristic  of  parts  of  the  series.     The 
and  modem  genus,  Cfrithium^  also  makes  its  first  ap[ 
here.     Though  the  Holostomaia  srill  predominate,  ihcR'  •..  r.  ^ 
a  fair  proportion  of  the  carnivorous  siphonostomatous  UniiiJvA 
and  many  of  these  are  referable  to  existing  genera.    Tha^ 
with  the  extinct  Purpttroidea  are  found   forms  belong! 
such  genera  as  PUroceras,  Rosteliaria,  Bucdnum^  Pusus,  A 
and  P/turofoma.     The  Cephalopoda  are  exceedingly 
all  through  the  Jurassic  series,  and  are  represented  by 
Dibranchiate  and  Telrabranchiate  ty'pcs.       The  Dil 
BeUmnitidit   here    attained  their   maximum   of  devd 
many  beds  bein^^  literally  charged  with  the  guards 
extinct  cuttle-fishes.     The  Tetrabranchiates  are  rep 
by  various  species  of  the  persistent  genus  ^autUus,  but 
especially  by  species  of  Ammonites^  which  are  extrao: 
plentiful  and  of  the  most  varied  forms.     Speaking 
Ammonites  and  Belemnites  may  be  stated   to  be  /4/ 
teristic  fossils  of  the  Jurassic  period. 

In  the  fresh-water  strata  of  the  Oolites  (Purbeck  beds' 
Molluscs,  as  a  matter  of  course,  belong  to   forms  whith 
inhabit  fresh  water.     Thus,  amongst  the  Bivalves  we  ha«e1 
genus  Cyretta^  and  amongst  the  Gasteropods  we  meet  ni 
genera  Planorbis,  Physa^  Pa/udi/ta,  and  Afe/anopsis,    As 
the  Vertebrates,  little  need  be  said  about  the  Jurassic 
which  belong  to  the  Ga/tvida  dLiid  Eiasmobranchiu    ThcG 
now  possess,  many  of  them,  symmetrical   tails,  and  tfac 
important   genera   are    TetragOfioIepis^    Dap^dius^   ji 
Pycnodus^  Lfptoiepis^  and  Aspidorhynchus.       The   K 
are  represented  by  Hybodonts  (Hybodus  and  Strop 
Acrodus.      l^astly,  the  true  Sharks  are  not   witho 
represen\.aA.\\es  ^NotidanusY 
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The    Reptilia  have   an   enorraous  development   in  Oolitic 

►times,  and  arc  represented  both  by  forms  allied  to  those  now 

in  existence  and  by  types  which  are  now  altogether  extinct.    Of 

the  living  forms  there  are  as  yet  no  Ophidians,  but  the  Che- 

lonians  are  represented  by  various  genera  (Idwc/if/ySy  Kury' 

sUrnum^  and   Cheloni).     The  Lacertilians  are  represented  by 

is<-%'cral  forms  of  no  special  importance,  and  the  Cnh-Oiii/ia  were 

Tcpresenled  by  species  with  amjihictulous  vcrtebnc  ( 7>/rtva//r7/j 

^Dti  S/rnmsaurus).  Of  the  extinct  orders  of  Reptiles,  the  Ichthyop- 

/rr);^'</,  comprising  only  the  ^cnw^  Mfhyosaurus^  form  a  very 

marked  feature  in  tlie  Reptilian  fauna  of  the  Jurassic  period. 

Numerous  species  oi  Mt/tyosaurus  o^tg  known  ;  and  the  remains 

of  individuals  are  very  abundant  in  certain  beds,  especially  in 

the   Lias.     The  Stiuropitrygia  are  represented  by  numerous 

I  species  of  PUsiosannis^  remams  of  which  are  also  very  abun- 

I  dant  in  the  Lias  and  in  other  parts  of  the  Oolitic  scries.     The 

Pt€rosauria  are  represented   by  all  their  chief  genera  (/V/i-ri?- 

diutylus,  Dimorphodofu  and   Rixmphorhynchus)  ;    and  though 

commencing  in  the  Lias,  they  are  most  abundant  in  the  Solen- 

I   hofen  Slate.     The  Dicynodonts  appear  lo  have  died  out ;  but 

the  Deinosaurs  are  largely  represented,  chiefly  by  the  genera 

M^a/osat4rtts  and  Cetiosaunts. 

The  Birds  have  no  other  representative  in  the  Oolitic  period 
,  than  the  extraordinary  ArcJiaop/eryx  mactura  of  the  Solcnhofen 
Slates^the  first  undoubted  indication  of  birds  in  the  geolo- 
gical record  As  has  been  before  pointed  out,  this  Jurassic 
I  bird  ditfered  in  several  most  important  characters  from  all 
known  members  of  the  class,  whether  living  or  extinct ;  its 
most  striking  peculiarity  being  the  possession  of  a  longj  lizard- 
like tail  composed  of  free  vertebne,  of  which  each  su]>ported  a 
pair  of  quill-feathers. 

The  Mammals^  taking  all  things  into  consideration,  are  well 
represented  in  the  Jurassic  series,  their  remains  belonging  to 
the  two  horizons  of  the  Stonesfield  Slate  (Lower  Oolites)  and 
the  Purbeck  beds  (Upper  Oolites).  The  Stonesfield  Mammals 
— viz.,  Amphithtrium,  Amphikstcs,  Phiiscohthcriutn^  and  Stcreog- 
nathus — are  all  of  small  size;  and  the  first  three  appear  to  be 
certainly  Marsupial.  Siercognathus  may  be  also  a  Marsupial, 
I  but  its  true  affinities  are  uncertain.  'J'he  Purbeck  Mammals 
— Tricottodon.^  Spalacoihcrium^  GaUstes^  and  Ph^auhx — were 
likewise  all  of  small  size,  and  they  appear  to  have  been  all 
Marsupial ;  the  three  first-named  being  probably  insectivorous, 
whilst  the  last  appears  to  have  been  a  vegetable-feeder. 
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CHAPTER    LIII. 

CRETACEOUS    PERIOD, 

Rocks  of  the  Period. 

The  next  series  of  rocks  in  ascending  order  is  the  great  and 
important  series  of  the  Cretaceous  J^ocks,  so  called  from  the 
general  occurrence  in  the  system  of  chalk  (Lat  creia,  chalk). 
As  developed  in  Britain  and  Europe  generally,  the  following 
leading  subdivisions  may  be  recognised  in  the  Cretaceous 
series : — 

1.  Wealden,  \  ^^^^  Cretaceous. 

2.  Lower  Greensand  or  Neocomian,  j 
3-  Gault,  1 

4.  Upper  Greensand,  Upper  Cretaceous. 

6.  Maestricht  beds,  i 

I.  The  Weaideri  formation,  though  of  considerable  impor- 
tance, is  a  local  group,  and  is  confined  to  the  south-east  of 
England,  France,  and  some  other  parts  of  Europe.  Its  name 
is  derived  from  the  JVeaM,  a  district  comprising  parts  of 
Surrey,  Sussex,  and  Kent,  where  it  is  largely  developed.  Its 
lower  portion,  for  a  thickness  of  from  500  to  1000  feet,  is 
arenaceous,  and  is  known  as  the  Hastings  Sands.  Its  Upper 
portion,  for  a  thickness  of  150  to  nearly  300  feet,  is  chiefly 
argillaceous,  consisting  of  clays  with  sandy  layers,  and  occa- 
sionally courses  of  limestone.  The  geologicalimportance  of  the 
Wealden  formation  is  very  great,  as  it  is  undoubtedly  the 
delta  of  an  ancient  river,  being  composed  almost  wholly  of 
fresh-water  beds,  with  a  few  brackish-water  and  even  marine 
strata,  intercalated  in  the  lower  portion.  Its  geogra|)hical 
extent^  though  uncertain,  owing  to  the  enormous  denudation 
to  which  it  has  been  subjected,  is  nevertheless  great,  since  it 
extends  from  Dorsetshire  to  France,  and  occurs  also  in  North 
Germany.  Still,  even  if  it  were  continuous  between  all  these 
points,  it  would  not  be  larger  than  the  delta  of  such  a  modem 
river  as  the  (ianges.  The  river  which  produced  the  Wealden 
series  must  have  flowed  from  an  ancient  continent  occupying 
what  is  now  the  Atlantic  Ocean ;  and  the  time  occupied  in 
the  formation  of  the  Wealden  must  have  been  very  great, 
though  we  have,  of  course,  no  data  by  which  we  can  accu- 
rately calculate  its  duration. 
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I  The  fossils  of  the  Wealden  series  are,  naturally,  mostly  the 
irematns  of  such  animals  as  we  know  at  the  present  day  as  in- 
iiabiting  rivers.  We  have,  namely,  fresh-water  mussels  ( Utiio)^ 
j-iver-snaiis  (PaMifta)^  and  other  fresh-water  shells,  with  nume- 
irous  little  bivalved  Crustaceans,  and  some  fishes. 

II.  The  Wealden  beds  pass  upward,  often  by  insensible 
.gradations,  into  the  Lmver  Greettsatid.  The  name  I^wcr 
Oreensand  is  not  an  appropriate  one,  for  green  sands  only 
occur  sparingly  and  occasionally,  and  are  found  in  other  for- 
Imations.     For  this  reason  it  has  been  proposed  to  substitute 

for  Low^er  Greensand  the  name  NaHomian^  derived  from  the 
town  of  Neufchatel — anciently  called  Neocomum—vd  Swit/er- 
Jand.  If  this  name  were  adopted,  as  it  ought  to  be,  the 
Wealden  beds  would  be  called  the  Lower  Neocomian. 

The  Lower  Greensand  or  Neocomian  of  Britain  has  a  thick- 
ness of  about  S50  feet,  and  consists  of  alternations  of  sands, 
sandstones,  and  clays,  with  occasional  calcareous  bands.  The 
general  colour  of  the  series  is  dark  brown,  sometimes  red,  and 
the  sands  are  occasionally  green,  from  the  presence  of  silicate 
of  iron. 

The  fossils  of  the  Lower  Greensand  are  purely  marine,  and 
I  among  the  most  characteristic  are  the  shells  of  Ccphaiopods. 

The  most  remarkable  point,  however,  about  the  fossils  of 
the  Lower  Cretaceous  series,  is  their  marked  divergence  from 
the  fossils  of  the  Upper  Crttaceous  rocks.  Of  280  species  of 
fossils  in  the  Lower  Cretaceous  series,  only  51,  or  about  18 
per  cent,  pass  on  into  the  Upper  Cretaceous.  This  break  in 
the  life  of  the  two  periods  is  accompanied  by  a  decided  phy- 
sical break  as  well,  for  the  Gault  is  often,  if  not  always,  uncon- 
formably  su|)erimix)sed  on  the  Lower  Greensand.  At  the 
same  time,  the  Lower  and  Upper  Cretaceous  groups  form  a 
closely-connected  and  inseparable  series,  as  shown  by  a  com- 
parison of  their  fossils  with  those  of  the  underlying  Jurassic 
Rocks  and  the  overlying  Tertiary  beds.  Thus,  in  Britain  no 
mannc  fossil  is  known  to  be  common  to  the  marine  beds  of 
the  Upper  Oolites  and  the  Lower  Greensand;  and  of  more 
than  500  species  of  fossils  in  the  Upper  Cretaceous  Rocks, 
almost  every  one  died  out  before  the  fonnation  of  the  lowest 
Tertiary  strata,  the  only  survivors  being  one  Brachiopod  and  a 
few*  Forammifcra, 

III.  The  lowest  member  of  the  Upper  Cretaceous  series  is 
a  stiff,  dark-grey,  blue,  or  brown  clay,  often  worked  for  lirick- 
making,  and  known  as  the  GauU,  from  a  provincial  English 
term.  It  occurs  chiefly  in  the  south-east  of  England,  but  can 
be  traced  through  PYance  to  the  flanks  of  the  Alps  and  Ba- 
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varia.     It  never  exceeds  loo  feel  in  thickness;  btit  it 
tains  many  fossils,  usually  in  a  state  of  beautiful  prcst 

IV.  The  Gault  is  succeeded  ujm-ard  by  the  L'pptr  Gt 
sand,  which  varies  in  thickness  from  three  up  to  loo  feet,iod 
which  derives  its  name  from  the  occasional  occurrence  in  in 
green  sands.  These,  however,  are  local  and  sonieiimes 
ing,  and  the  name  *'  Upper  Greensand  "  is  to  be 
na*nc  and  not  a  description.  The  group  consists,  in 
of  sands  and  cla)'S,  sometimes  with  bands  of  calcareous 
siliceous  limestone,  and  occasionally  containing  concretiooii 
phosphate  of  lime,  which  are  largely  worked  for 
purposes. 

V.  The  top  of  the  Upper  Greensand  becomes  argil 
and  passes  up  gradually  into  the  base  of  the  great  fc 
known  as  the  true  Chalky  divided  into  the  three  sub<iir 
of  ihe  chalk-marl,  white  chalk  without  flints,  and  while 
with  flints.      The  first  of  these  is  simply  argillaceous 
and  passes  up  into  a  great  mass  of  obscurely-stratified 
chalk  in  which  there  are  no  flints.     This,  in  turn,  puses 
into  a  great  mass  of  while  chalk,  in  which  the  stratificatit 
marked  by  nodules  of  black  flint  arranged  in   layers, 
thickness  of  these  three  subdivisions  taken  together  is 
times  over  looo  feet,  and  their  geographical   extent  is 
great.     White  Chalk,  witli  its  characteristic  api>earance. 
be  traced  from  the  north  of  Ireland  to  the  Crimea,  a  dis 
of  about  1 140  geographical  miles,  and,  in  an  opposite 
tion,  from  the  south  of  Sweden  to  Bordeaux,  a  dis 
about  840  geographical  miles. 

VI.  In  Britain  there  occur  no  beds  containing  Chalk  fa 
or  in  any  way  referable  to  the  Cretaceous  period,  aboi-c 
true  "White  Chalk  with  flints.  On  the  banks  of  the  M 
however,  near  Maestricht,  in  Holland,  there  occurs  a  serie 
yellowish  limestones,  of  about  100  feet  in  thickness,  and 
doubtedly  superior  to  the  White  Chalk.  These  Ma 
btds  contain  a  remarkable  series  of  fossils,  the  charact« 
which  are  partly  Cretaceous  and  partly  Tertiary.  Thus* 
the  characterisric  Chalk  fossils,  Bekmnites^  BaculiSa^ 
chins,  &c.,  are  numerous  Univalve  Molluscs,  such  as  C< 
and  Volutes,  which  are  otherwise  exclusively  Tertiary  or 
cent. 

Holding  a  similar  position  to  the    Maestricht  b<^ 
showing  a  similar  intermixture  of  Cretaceous  forms  * 
types,  are  certain  lieds  which  occur  in  the  island  of 
in  Denmark,  and  which  are  known  as  the  Faxik  Zi 

VII.  In  North  America,  the  Lower  Cretaceous 
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not  represented  at  all,  or  very  feebly;  but  there  is  a  very 
extensive  development  of  rocks  of  Upper  Cretaceous  age  in 
he  United  Stales.  According  to  Dana,  **  the  Cretaceous 
£ocks  occur — i.  At  intervals  along  the  Atiantic  hmier^  south 
>f  Ne%%'  York,  from  New  Jersey  to  South  Carolina  ;  2.  Exten- 
sively over  the  States  along  the  Guif  border  \  and  3.  Through 
\  large  part  of  the  W'esUrn  interior  region^  over  the  slojies  of 
he  Rocky  Mountains,  from  Texas  northward,  to  the  head- 
raters  of  the  Missouri  on  the  east  of  the  summit  of  the  chain, 
ind  for  into  the  Colorado  region  on  the  west.  Still  farther 
aorth-west  in  British  America,  they  appear  on  the  Saskat- 
chewan and  Assiniboine,  and  also  on  the  Arctic  Sea,  near  the 
mouth  of  the  Mucken/ie."  The  rocks  of  these  areas  consist 
chiefly  of  sands,  marls,  clays,  and  limestones ;  but  it  is  to  be 
remembered  that  there  is  no  white  Chalk,  Green  sands  are 
often  present,  as  in  New  Jersey,  where  they  are  called  "marls,'* 
■nd  are  largely  worked  for  agricultural  purposes,  their  fertilis- 
ing properties  being  due  to  the  presence  of  a  small  percentage 
of  phosphate  of  lin^e. 

Life  of  the  Cretaceous  Period. — As  regards  the  vegeta- 
tion of  the  Cretaceous  period,  the  plants  of  the  Inferior  divi- 
rion  of  the  series  agree  with  those  of  the  antecedent  Jurassic 
>CTiod  in  consisting  chiefly  of  Ferns,  Cycads,  and  Conifers. 
n  the  Upper  Cretaceous  Rocks,  on  the  other  hand,  we  find  a 
iregciation  composed  largely  of  Angiospermous  Exogens,  many 
E)f  which  belong  to  existing  genera. 

The  Protozoa  are  very  largely  represented  in  the  Cretaceous 
>criod  by  Foraminifera  and  Sponges.  The  microscopic  shells 
>f  the  former  are  often  excessively  abundant;  and  the  white 
^alk  is  to  a  large  extent  composed  of  the  exuvut  of  these 
ninute  organisms.  Amongst  the  more  important  genera  may 
>e  mentioned  Textutaria,  G/oifigerina^  Rotaiia^  Lituoia^  Nodo- 
ttria,  Ftabtiiinay  CutuoHtia^  Cristellaria^  Buiimina^  Dentalirmy 
CC  Sponges  are  very  numerous,  especially  in  the  Upper 
Jreensand  and  White  Chalk.  The  most  iniportint  genera  are 
^phonia^  V^entriailitts^  Mauon^  Cfwanites^  Ciiona^  Scyphia^ 
^^hetiendopora^  Guettardta^  and  Polypotheeia ;  but  many  other 
brms  might  be  mentioned. 

The  Calenterates  are  represented  by  Corals,  belonging 
nainly  to  the  genera  Trochoeyathus^  Cyclocyathus^  Trochosmiliay 
^arasmi/ia,  Cyaihina^  Micrabacia^Stephanophyilia^^o.,  In  the 
Jppcr  Greensand,  also,  occurs  the  little  Hoioeystis  eiegaru,  long 
iclieved  to  be  the  last  of  tJie  Rugose  Corals. 

The  Echinoderms  are  exceedingly  abundant  in  the  Creta- 
«ous  rocks,  but  belong  mainly  to  the  Echinoids.     Crinoids, 


I 


I 


544 


HISTORICAL   PAU^ONTOLOGV 


though  not  altogether  rare,  are  very  perceptibly  reduced  a 
numbers,  the  mure  important  forms  being  Manupitti^  /V«Ai. 
crinuSy  Bourpidicrinus,  and  Comatuh.  Sea-urchini,  on  llw 
other  hand,  are  so  numerous  as  to  constitute  one  of  the  motf 
marked  features  in  the  Cretaceous  fauna.  The  leading  grncn 
are  Micrastcr^  Ananchytes^  Gaieriies,  Hemipficustts^  Dtadim^ 
Discoidea,  Sa/mia,  Cidaris^  Caiopygus^  Pygast€r^  PyicuUM^ 
Holasttr,  &c. 

The  Arthropods  are  represented  by  various  Crustaceani  I»^ 
longing  mainly  to  the  Macrurous  and  Brachyurous  Decapods 
and  to  the  Cirripedes.  The  little  Ostracodes  are  also  abun- 
dant in  many  parts  of  the  series,  especially  in  the  fresh-»^tcT 
strata  of  the  Wealden. 

Coming  to  the  MoHus^a,  the  Poiyzoa  have  a  great  develop- 
ment in  the  Cretaceous  deposits,  the  family  of  the  Esckarida 
here  attaining  its  maximum.  Amongst  the  more  clujartcrisdc 
Cretaceous  genera  may  be  mentioned  Eschara^  EsckaHm, 
Vinoilaria^  Membrattiporay  Flustra^  Reticulipora^  HornerCj 
Tuhuiipora^  &:c. 

Brachiopods  are  not  especially  numerous,  and  belong  mainly 
to  Terebraiula^  Tfrebraidh,  Tfrebratuiina^  Rhytuhotulh^  lad 
Crania.  Bivalves  are  very  abundant,  and  some  of  them  are 
very  characteristic.  Amongst  these  are  numerous  species  of 
Ostrea,  F.xogyra^  Lima^  Plicatuia,  Pecttn^  and  Spondylus^  irith 
the  various  species  oi  Inoceramus^  and  the  great  family  of  the 
Hippiiritida.  AVith  the  exception  of  a  few  Jurassic  sfiecics. 
the  genus  Inoceramtis  is  exclusively  Cretaceous,  being  leprc- 
sented  in  deposits  of  this  period  by  numerous  species,  l  t  ' 
being  known  to  have  survived  it.  The  Htpptiriiidti^  or  / 
ids  of  Lamarck,  comprise  a  great  number  of  vcr>'  abcrra:!! 
Bivalves,  all  of  which  were  attached  and  lived  associalcU  in 
beds,  like  Oysters.  The  two  valves  of  the  shell  are  alviyt 
unlike  in  sculpturing,  in  appearance,  and  in  shape,  and  ihc  cast 
of  the  interior  is  often  very  unlike  the  form  of  the  outer  surface 
of  the  shell.  A  great  many  species  of  this  family  are  kncnm, 
chiefly  referable  to  the  genera  Hippuriies^  Radwliies^  and  Ci- 
prina.  The  family  appears  to  be  exclusively  Cretaceous  ;  and 
the  most  characteristic  membersof  the  Cretaceous  series  of  the 
south  of  Europe  consists  of  certain  compact  marbles,  whidi 
are  known  as  '*  Hippurite  Limestone,"  from  the  abundance  of 
shells  of  this  family. 

Gasteropods  are  not  particularly  numerous  in  the  Cretace- 
ous  Rocks,  and  belong  chiefly  to  such  modem  genera  as  Turn- 
Uihf  Naiica^  So/arium^  Scalaria.RosUllaria.  DcfitaJium.PhLwui, 
&c.     Along  with  these  are  species  of  the  persistent  geous  Plot- 
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ri>iomaria,  and  the  Mcsozoic  Ncrmcea,  Towards  the  close  of  the 
Cretaceous  period,  we  meet  for  the  first  time  with  Gasteropoda 
of  the  existing  genera  I'o/uta^  Mitra^  Cypraa,  Fasciolariay 
SiromhuSy  &c 

The  most  characteristic  Molluscs  of  the  Cretaceous  period 
are  Cephalopods.  The  Dibranchiate  section  of  this  order  U 
represented  by  species  of  BflamiUes  itself  and  by  the  genus 
BeUmnitdia.  Of  the  Tetrabranchiates  we  find  species  of  the 
old  genus  Nautilus ;  but  this  section  is  represented  mainly  by 
comiilex  and  beautiful  forms  of  the  AmmoniiUi?.  The  genus 
Ammoniiis  itself,  dating  its  existence  from  the  Upper  Trias,  is 
represented  by  many  Cretaceous  species,  and  finally  disappears 
with  the  close  of  this  period.  Aucyioceras  dates  from  the 
commencement  of  the  Jurassic  period,  and  also  dies  out  in  the 
Chalk.  Finally,  the  Ammonitidit  are  represented  by  the  genera 
Baculites^  TitrriiiUs^  Scaphitcs^  Hamites^  PtychtHcras^  Toxoceras^ 
and  Crioaras^  which  make  their  first  ajjpcarance  in  the  Creta- 
ceous rocks,  but  which  are  not  known  at  present  to  occur  in 
any  later  deposit 

Remains  tjf  Fishes  are  by  no  means  rare  in  the  Cretaceous 
rocks.  Teleostean  Fishes  appear  here,  and  are  well  represented 
by  forms  more  or  less  allied  to  existing  types  {Beryx^  Osmero* 
1  A^t  &c.)  Ganoids  (such  as  Lepidoius^  Caturus,  Pycnodus^  &c) 
j»Te  plentiful ;  but  are  of  little  special  importance.  Of  the 
Cestracionts,  we  have  the  old  genus  Acrodus^  and  the  Creta- 
ceous p;enus  Ptychotius,  Hybodonts  also  occur,  and  teeth  of 
true  Selachians  {Lamna^  Carcharias^  Odoufaspis,  &c)  are  not 
wanting. 

The  Reptiles  of  the  Cretaceous  belong  mostly  to  the  orders 
of  the  Pierosauria^  Ichlhyopterygiay  SauropUrygia^  and  Dehio- 
saurUi — all  of  which  die  out  with  the  Cretaceous  period.  The 
best  known  of  the  Deinosaurs  is  Iguanodon^  which  is  confined 
exclusively  to  the  I^wer  Cretaceous  period,  but  the  genera 
JchihyiHaurus^  PUshsaurus^  and  Pirrodaciy/us^  extend  their 
range  into  the  Upper  Cretaceous.  The  only  exclusively  Cre- 
taceous group  of  Reptiles  is  that  of  the  Mosasauroids^  which 
are  known  to  have  existed  up  to  the  last  phase  of  this  period 
(Maesiricht  beds).  The  Mosasauroids  are  found  in  Europe, 
but  more  abundantly  in  North  America ;  and  the  recent  dis- 
covery by  Professor  Marsh,  that  the  body  was,  in  some  cases, 
furnished  with  a  covering  of  bony  scutes,  would  seem  to  re- 
move them  from  the  Lizards,  amongst  which  they  have  been 
generally  placed. 

Birds  have  not  been  shown  with  certainty  to  have  existed 
during  the  Cretaceous  period  in  Europe,  though  various  re- 
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mains  of  this  age  have  been  with  more  or  less  probabiUtjr  k^ 
garded  as  being  Ornithic.  The  Upper  Cretaceous  rocks  of 
the  United  States  have,  however,  yielded  the  remains  of  un- 
doubted birds  {Laomis,  Tdmatomis^  Scolopctx^  and  Palaoira^). 
More  remarkable  than  any  of  the  above  are  the  recentljr-dii- 
covered  Hesperornis  and  Icktkyomis^  of  which  the  former  is  a 
large  Diver-like  bird,  whilst  the  latter  exhibits  the  singnUr 
peculiarity  that  the  vertebrae  are  biconcave.  Mammals  have 
not  hitherto  been  detected  in  any  Cretaceous  deposit 


CHAPTER  LIV, 

EOCENE    PERIOD. 

Before  commencing  the  study  of  the  subdivisions  of  the 
Kainozoic  series,  there  are  some  general  considerations  to  be 
noted.  In  the  first  place,  there  is  a  complete  and  entire  phy- 
sical break  between  the  rocks  of  the  Mesozoic  and  Kainozoic 
periods.  In  no  instance  are  Tertiary  strata  to  be  found  rest- 
ing conformably  upon  any  Secondary  rock.  The  Chalk  has 
invariably  suffered  much  erosion  and  denudation  before  the 
lowest  Tertiary  strata  were  deposited  upon  it.  This  is  shown 
by  the  fact  that  the  actually  eroded  surface  of  the  Chalk  can 
often  be  seen,  or,  failing  this,  that  we  can  point  to  the  presence 
of  the  chalk-flints  in  the  Tertiary  strata.  This  last,  of  course, 
affords  unquestionable  proof  that  the  Chalk  must  have  been 
subjected  to  enormous  denudation  prior  to  the  formation  of 
the  Tertiary  beds,  all  the  chalk  itself  having  been  removed, 
and  nothing  left  but  the  flints,  while  these  are  all  rolled  and 
rounded. 

In  the  second  place,  there  is  a  complete  break  in  the  life 
of  the  Mesozoic  and  Kainozoic  periods.  With  the  excep- 
tion of  a  few  Foramhiifera,  and  one  Brachiopod  (the  latter 
doubtful),  no  Cretaceous  species  is  known  to  have  sunnved  the 
Cretaceous  period  ;  while  several  characteristic  famiiies^  such 
as  the  Ammonitidcs  aind  Hippuritida^  died  out  entirely  ^nth  the 
close  of  the  Cretaceous  rocks.  In  the  Tertiary  rocks,  on  the 
other  hand,  not  only  are  all  the  animals  and  plants  more  or 
less  like  existing  types,  but  we  meet  with  a  constantly-increas* 
ing  number  of  living  species  as  we  pass  from  the  bottom  of  the 
Kainozoic  series  to  the  top.     Upon  this  last  fact  is  founded 
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ic  modem  classification  of  the  Kainozoic  rocks,  propounded 
►y  Sir  Charles  I. yell 

It  follows  from  the  constant  want  of  conformity  between 
he  Cretaceous  and  Tertiary  rocks,  and  still  more  from  llie 
Entire  difference  in  life,  that  the  Cretaceous  and  Tertiar)* 
Periods  are  separated  by  an  enormous  lapse  of  unrepresented 
ime  How  long  this  interval  may  have  been,  we  have  no 
Deans  of  judging  exactly,  but  it  very  possibly  was  as  long  as 
he  whole  Kainozoic  epoch  itself.  Some  day  we  shall  doubt- 
ess  find,  at  some  part  of  the  earth's  surface,  strata  which  were 
Icposited  during  this  period,  and  which  will  contain  fossils 
nicrmediate  in  character  between  the  organic  remains  which 
espectively  characterise  the  Secondary  and  Tertiary  periods. 
\t  present,  we  have  only  slight  traces  of  such  deposits,  as,  for 
nstance,  the  Maestricht  beds. 

Classikication  OF  THE  Tertiary  Rocks. — The  classifica- 
aon  of  the  Tertiary  rocks  is  a  matter  of  unusual  difficulty,  in 
U>nset|uence  of  their  occurring  in  disconnected  basins,  form- 
ng  a  series  of  detached  areas,  which  hold  no  relations  of 
aperpobition  to  one  another.  The  order,  therefore,  of  the 
rcrtiarics  in  point  of  time,  can  only  be  determined  by  an 
tppeal  to  fossils ;  and  in  such  determination  Sir  Charles  Lyell 
jTOposed  to  take  as  the  basis  of  classification  X\\^ pr-oportionof 
\ving  or  existing  species  of  MoUusca  which  occurs  in  each  stratum 
T  group  of  strata.  Acting  ujjon  this  principle,  Sir  Charles 
^yell  divides  the  Tertiar>'  scries  into  four  groups  : — 

I.  The  Eocene  fom)alion  (Cr.  eos^  dawn ;  kainos,  new),  con- 
fining the  smallest  proportion  of  existing  species,  and  being, 
hcrefore,  the  oldest  division.     In  this  classification  only  the 

fciiusca  are  taken  into  account ;  and  it  was  found  that  of 
icse  about  three  and  a  half  per  cent  were  identical  with 
atisting  species. 

II.  The  Miocene  formation  (Gr.  meton^  less;  kainos,  new), 
rith  more  recent  species  than  the  Eocene,  but  iess  than  the 
ucceeding  formation,  and  less  than  one-half  the  total  number 
n  the  formation.  As  before,  only  the  Mciiusca  are  taken  into 
Lccount,  and  about  17  per  cent  of  these  agree  with  existing 
pecies. 

III.  The  Piiocetie  formation  (Or.  pieion^  more  ;  kainos^  new), 
irith  mote  than  half  the  species  of  shells  identical  with  existing 
tpecies ;  the  proportion  of  these  var)ing  from  35  to  50  per 
xnt  \n  the  lower  beds  of  this  division,  up  to  90  or  95  per  cent 
in  its  higher  |)ortion. 

IV.  The  Post-Tertiary  Formations^  in  which  a/l  the  shells 
^dong  to  existing  species.     This,  in  turn,  is  divided  into  two 
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minor  groups — the  Post-Pliocene  and  Recent  Formattom.  h 
the  Post-Pliocene  fomialions,  while  all  the  Mol/usca  belong  to 
existing  species,  most  of  the  Mammals  belong  to  extinct 
species.  In  the  Recent  period,  the  quadrupeds,  as  well  ^^  At 
shells,  belong  to  living  species. 

The  above,  with  some  mofiifications,  \\tis  the  original  cUsn- 
fication  proposed  by  Sir  Charles  Lyell  for  the  Tertiary  rodo^ 
and  now  universally  accepted.  More  recent  researches,  it  u 
true,  have  somewhat  altered  the  proportions  of  existing  speoci 
to  extinct,  as  staled  above.  The  general  principle,  bowtvtr, 
of  an  increase  in  the  number  of  living  species,  still  holds  good 
and  this  is  as  yet  the  only  satisfactory  basis  upon  which  it  tu} 
been  proposed  to  arrange  the  Tertiary  deposits. 

Eocene  Formation. 

The  Eocene  rocks  arc  the  lowest  of  the  Tertiary  series,  and 
comprise  all  those  Tertiary  deposits  in  which  there  is  only  a 
small  proportion  of  existing  Mollusca — from  three  and  a  Kilf 
to  five  per  cent.  The  Eocene  rocks  occur  in  several  basms  in 
Britain,  France,  the  Netherlands,  and  other  parts  of  Europe, 
and  in  the  United  States.  The  subdivisions  which  have  been 
established  are  extremely  numerous,  and  it  is  often  impossible 
to  parallel  those  of  one  basin  with  those  of  another.  It  will 
be  sufficient,  therefore,  to  accept  the  division  of  the  Eocene 
formation  into  three  great  groups — Lower,  Middle,  and  Upper 
Koccnc — and  to  consider  some  of  the  more  important  beds 
comprised  under  these  heads  in  Europe  and  in  North  Americi 

I.  Lower  Eocene,  —  The  base  of  the  Eocene  series  id 
Britain  is  constituted  by  about  90  feet  of  light-colotu"ed,  soroc- 
times  argillaceous  sands  (Thanet  Sands),  which  are  of  marine 
origin.  Above  these,  or  forming  the  base  of  the  foraiarion 
where  these  are  wanting,  come  mottled  clays  and  sands  widi 
lignite  (Woolwich  and  Reading  series),  which  are  cstuarinc  or 
fluvio-marine  in  origin.  The  highest  member  of  the  Lower 
Eocene  of  Britain  is  the  "London  Clay,"  consisting  of  a 
great  mass  of  dark-bron-n  or  blue  clay,  sometimes  with  sandy 
beds,  or  with  layers  of  "  septaria,"  the  whole  attaining  a  thid- 
ness  of  from  200  to  as  much  as  500  feet  The  London  Cbr 
is  a  purely  marine  deposit,  containing  many  marine  fossiK 
vvith  the  remains  of  terrestrial  animals  and  plants;  all  of  which 
indicate  a  Iiigh  temperature  of  tfie  sea  and  tropical  or  sub- 
tropical conditions  of  the  land. 

IL  Middle  EocEyE. — The  inferior  portion  of  the  Middle 
Eocene  of  Britain  consists  of  marine  beds,  chiefly  consisting 
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nds,  clays,  and  gravels,  and  attaining  a  very  considerable 
ness  (Bagshot  and  Brackleshara  beds).  The  superior 
on  of  the  Middle  Eocene  of  Britain,  on  the  other  hand, 
ists  of  deposits  which  are  almost  exclusively  fresh-water 
ackish-water  in  origin  (Headon  and  Osborne  series), 
le  chief  Continental  formations  of  Middle  Eocene  age  are 
"  Calcaire  grossier "  of  the  Paris  basin,  and  the  **  Num- 
Lic  Limestone  "  of  the  Alps. 

L  Upper  Eocene. — If  the  Headon  and  Osborne  beds  of 
sle  of  Wight  be  placed  in  the  Middle  Eocene,  the  only 
sh  representatives  of  the  Upper  Eocene  are  the  Bem- 
je  and  Hempstead  beds — though  the  latter  are  regarded 
ir  Charles  Lyeli  as  being  of  Lower  Miocene  age.  'I'hese 
i  consist  of  limestones,  cbys,  and  marls,  which  have  for 
nost  part  been  deposited  in  fresh  or  brackish  water, 
/".  Eocene  Beds  of  the  Paris  Basin.  —  The  Eocene 
a  are  very  well  developed  in  the  neighbourhood  of  Paris, 
*e  they  occupy  a  large  area  or  basin  scooped  out  of  the 
Ik.  The  beds  of  this  area  are  partly  marine,  partly  frcsh- 
T  in  origin  ;  and  the  following  table  (after  Sir  Charles 
1^  shows  their  subdivisions  and  their  parallelism  wiih  the 
tish  series  : — 

General  Table  or  French  Eocene  Strata. 


UPPER  eocene. 

.  Gypseous  series    of   Mont*  I.  Bembridge  series. 

mart  re. 

.  Calcoire  sillcieux,    or    Tra-  2.  0!>bomc  and  Headon  series. 

vcrtin  Inferieur. 

,.  Ores     de     Ueauchamp,    or  3.  White  sand  and  day  of  Barton 

^tables  Muycns.  ClifT,  llant&. 

MIDDLE  eocene. 

.  Catcaire  Grossier.  I.  Bagshot  and  Braclclesham  beds. 

.  Soi&sonnais  .Sands,    or   Lits         2.  Wanting. 

Coqaillicrs, 

LOWER   EOCENE. 

.  Argilc  de  Londrcs  at  hose  of        I.  txmdon  CUy. 
Hill  of  Casscl,  near  Dun- 
kirk. 
.  Argile  plastique  and  lignite.  2.  Plastic  clay  and  sand  with  lig- 

nite (VNoolwichand  Reading 
scries). 
.  Sables  de  Bncbeux.  3.  Thanet  saiids, 

^    Eocene  Stbata  of  the  United  States.— In  North 
erica,  Lower  Eocene  Rocks  are  extensively  developed  at 
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Claiborne,  Alabama,  and  consist  of  clays,  lignites,  maris, 
impure  limestones.  The  fossils  of  ihc  Claiborne  seria 
much  the  same  in  their  characters  as  those  of  the 
clay,  and  the  lignites  contain  numerous  plant-remains 

The  Middle  Eocene  group  is  represented  in  North  Ai 
by  ligt^itic  clays  and  marls  which  occur  at  Jackson,  MissisRjii 
Amongst  the  more  remarkable  fossils  of  the  Jackson  bedi ire 
the  teeth  and  bones  of  Cetaceans  of  the  genus  Ztttg/odfH. 

Rocks  of  Upper  Eocene  age  occur  in  North  Ameria 
Vicksburg,  Mississippi,  and  consist  of  lignites,  clays, 
and  limestones.  On  the  White  River  they  are  about  k 
feet  thick,  and  consist  of  clays,  sandstones,  and  liracsiona* 
fresh-water  origin.  Among  their  most  remarkable  fossds 
the  remains  of  Mammals,  of  which  about  forty  species 
been  already  determined. 


Life  of  the  Eocene  Period. 

Little  need  be  added  here  as  to  the  life  of  the 
period,  fossils  being  so  abundant  as  to  render  it  impossiUtI 
do  more  than  indicate  some  general  considerations.    Up 
the  wholc^  the  plants  and  animals  of  the  Eocene  period* 
resemble  those  now  in  existence  upon  the  globe ;  not* 
ever,  necessarily  in  the  exact  localities  in  which  theyani 
found.     Thus,  the  modem  representatives  of  the  pUnHJ 
animals  of  the  Eocene  Rocks  of  Europe  are  not  tobef 
in  Europe  itself,  but  in  some  tropical  or  sub-tropical 
The  climatic  conditions  of  Europe  in  the  Eocene  periodi 
very  different  to  those  at  present  subsisting,  and  the 
and  plants  were  correspondingly  diffcrcnL     Still,  iheitl 
few  Eocene  fossils  which  have  not  their  modem  rci 
tives  in  warm  countries. 

The  Protozoa  are  represented  in  Eocene  times  chiefly  1 
Fotamini/cta,  which  are  often  extraordinarily  abundant, 
the  shells  of  which  may  in  some  cases  be  said  without 
ration  to  compose  whole  mountain-masses.     The  grtifJ 
widespread  formation  of  the  Nimimulitic  Limestone  is 
made  up  of  the  shells  of  Nitmmuiiics  and  Orbitoida^ 
the  former  occasionally  reaching  a  size  of  more  than  tt^ 
in  diameter.     One  of  the  limestones  of  the  Paris 
largely  composed  of  the  shells  of  a  species  of  Miliolf 
rous  other  forms  occur;  and  the  genus  NummulUe\ 
sively  confined  to  this  formation. 

Corals  are  not  particularly  abundant  in  the  Eoc 
but  they  are  mostly  of  types  identical  withj  or  neai 
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tliosc  now  existing.  The  Tahuiaia  are  represented  by  no 
more  than  one  genus,  and  the  Eocene  forms  belong  mainly  to 
the  Zoantharia^  Aporosa^  and  Perforata,  Besides  Zoantharia^ 
the  family  of  the  PcrmaiuJuia  (Sea-pens,  &c.)  is  represented 
Xiy  the  genus  Grapkuiaria^  and  the  family  of  the  Gofgonidct 
(sea-shrubs),  by  the  genera  Mopsea  and  IVcbsieria, 

As  regards  the  MoUtisca^  Brachiopods  and  Polytoa  are  not 
abundant,  and  the  former  are  represented  in  Eocene  times 
chiefly  by  the  existing  genera  Tcrebratuki  and  RhynchoneUa, 
l*amellibranchs  and  Gasteropods,  the  latter  especially,  are 
exceedingly  abundant,  and  almost  all  existing  genera  are  now- 
represented  ;  though  less  than  five  j>er  cent  are  identical  \vith 
existing  species.  The  Gasteropods  are  chiefly  siphonostoma- 
tous,  and  belong  to  such  familiar  genera  as  Voiuia^  Afitra, 
Con  us  J  Platrotoma^  Fusus^  Cyprcea,  OHva^  AnciUaria^  Rostel- 
ia,  &C.  The  fresh-water  and  brackish-water  beds  of  the 
formation  have  also  yielded  numerous  species  of  Cerithium, 
along  with  LimtuEa^  Pianorbis^  Mdaitia^  &c.  The  Amfttoniics^ 
TitrrUites^  Pacnliies^  Pelemnites^  &c.,  of  the  Cretaceous  period 
.have  now  disappeared,  and  the  Cephalopoda  are  represented 
mainly  by  the  genus  NauiUus^  though  Dibranchiates  (such  as 
Behsepuj)  are  not  unknown. 

The  most  importint  fossils  of  the  Eocene  Rocks  belong  to 
'tfie  sub-kingdom  of  the  VerUhrata.  Fishes  arc  numerous, 
sometimes  (as  in  the  limestone  of  Monte  Bolca)  extraordinarily 
so.  They  belong  in  the  vast  majority  of  instances  to  the 
Teleostei^  the  remains  of  Ganoid  fishes  being  comparatively 
very  rare.  True  Sharks  are  represented  bymumerous  teeth, 
referable  to  the  genera  Careharodon^  Ototius^  Lamna^  Galea- 
cfrdi\  &C. ;  and  Kays  are  represented  by  their  pavement-like 
dental  plates  (Afy/iobatis)* 

The  Reptiles  of  the  Eocene  period  all  belong  to  the  existing 
orders  of  the  Chelonians,  Ophidians,  Laccrtilians,  and  Croco- 
dtlians.  The  Chelonians  are  very  abundant,  and  belong  for 
the  most  part  to  existing  genera.  The  Ophidians  make  their 
first  appearance  in  the  Eocene  {Palaophis),  The  Crocodilians, 
lastly,  are  very  abundant,  speaking  comparalively ;  and  Eng- 
land possessed  in  Eocene  times  representatives  of  the  three 
existing  genera  of  this  order — viz.,  Crocodi/uSt  AUigaior^  and 
Gaviaiis. 

As  regards  the  Birds,  it  is  sufficient  to  say  that  all  the  exist- 
ing orders  of  ^?yj  appear  to  have  been  represented  in  Eocene 
times,  often  by  forms  which  differ  little  from  existing  types. 

As  regards  the  Mammals,  the  Eocene  deposits  have  yielded 
remains  of  Afarsupiaiia^  Siretiiay  Cetaeea^  Ungidaia^  Camhfora, 
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Cheiroptera^  Rodentia^  and  Insectivara,  No  traces,  however,  hnt 
hitherto  been  found  in  the  Eocene  of  the  orders  Probosddig 
and  Edentata^  and  the  Qmdrumana  are  represented  onlf  bgr 
two  doubtful  forms.  The  Marsupials  are  represented  in 
the  Eocene  by  Diddphys^  the  Sirenia  by  HalUkerium,  and 
the  Cetaceans  by  the  singular  and  aberrant  flEunily  of  the  Zcv- 
glodonts.  The  Ungulates  are  represented  by  a  great  series  of 
forms,  of  which  the  most  important  are  the  two  extinct  groopi 
of  the  PaiaotherideB  and  Anoplotherida^  the  former  representing 
the  Perissodactyles,  the  latter  the  Artiodactyles.  Besides  these, 
however,  there  occur  numerous  other  extinct  forms,  chidy 
referable  to  the  genera  Cm^yphodon^  Lophiodon,  Cheer&polamm^ 
Anthracotherium^  Hyopotamus^  FiioiophuSj  Diehadm,  DUhhnt^ 
Xiphodofi^  &c. 

The  Carnivora  are  represented  by  the  extinct  Hyeaiedm, 
the  Cheiroptera  by  species  of  the  existing  genus  Vespertilhj  the 
Rodentia  by  Shrew-mice  (Myoxus),  and  the  Insecttvora  by 
Spalacodon, 


CHAPTER    LV. 

MIOCENE   PERIOD. 

Rocks  of  the  Period. 

The  Miocene  formations  comprise  those  Tertiary  deposits 
which  contain  less  than  about  35  per  cent  of  existing  species 
of  Moliusca^  and  more  than  5  per  cent,  or  those  deposits  in 
which  the  proportion  of  living  shells  is  less  than  of  extinct 
species.  The  Aliocerie  formations  are  divisible  in  Europe  into 
a  Lotver  Miocene  and  Upper  Miocene  group. 

I.  Lower  Miocene. — The  Miocene  formations  are  very 
poorly  represented  in  Britain,  their  leading  development  being 
at  Bovey  Tracy,  in  Devonshire,  where  there  occur  sands,  cb^-s, 
and  beds  of  lignite  or  woody  coal.  These  strata  contain  nume- 
rous plants,  among  which  are  Vines,  Figs,  the  Cinnamon-tree, 
Palms,  and  a  number  of  ConifercB.  Other  plant-bearing  strata 
in  the  Hebrides,  on  the  west  coast  of  Scotland,  have  been 
referred  to  the  Miocene  age. 

In  PVance,  the  Lower  Miocene  is  represented  in  Auvergnc, 
Cantal,  and  Velay,  by  a  great  thickness  of  nearly  horizontal 
strata  of  sand,  sandstone,  clays,  marls,  and  limestones,  all  of 
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Bcsh-water  origin.  Other  Miocene  deposits  occur  in  Austria, 
Eermany,  Switzerland,  and  the  Siwalik  hills  in  India. 
H  II.  Upper  Miocene. — The  typical  European  deposits  of 
Bpper  Miocene  age  occur  in  the  valley  of  the  Loire,  in  France, 
Kid  are  known  as  the  "Faluns,' a  provincial  tcnn  given  to 
Bielly  sands  employed  to  spread  upon  soils  which  are  deficient 
Bn  lime.  The  Faluns  occur  in  scattered  patches,  which  are 
■fcrely  more  than  50  feet  in  thickness,  and  consist  of  sands 
■Dd  maris.  The  fossils  are  chiefly  marine,  but  there  occur 
Use  land  and  fresh-water  shells,  and  the  remains  of  numerous 
Bfammals. 

B  In  Switzerland,  between  the  Alps  and  the  Jura,  there  occurs 
It  great  series  of  Miocene  deposits,  known  collectively  as  the 
■"Slolassc,"  from  the  soft  nature  of  a  greenish  sandstone, 
■which  constitutes  one  of  its  chief  members.  It  attains  a  thick- 
■ncss  of  many  thousands  of  feet,  and  rises  into  lofty  mountains, 
vsome  of  which — as  the  Rigi — are  more  than  6000  feel  in 
I  height.  The  middle  portion  of  the  Molasse  is  of  marine 
I  origin,  and  is  shown  by  its  fo.ssils  to  be  of  the  age  of  the 
[Faluns  ;  but  the  lower  and  upper  portions  of  the  formation 
l«re  mainly  or  entirely  of  fresh-water  origin.  The  Lower 
pMoIasse  {of  Lower  Miocene  age)  has  yielded  about  500  s])ecies 
of  plants,  mostly  of  tropical  or  sub-tropical  fonns.  The  Upper 
Molasse  has  yielded  about  the  same  number  of  plants,  with 
about  900  species  of  Insects,  such  as  wood-eating  Beetles, 
Water-beetles,  White  Ants,  Dragon-flies,  &c. 

Miocene  of  North  America.  —  Miocene  deposits  are 
found  in  the  United  States  in  New  jersey,  Man-land,  Virginia, 
California,  Oregon,  &c.,  and  they  attain  sometimes  a  thickness 
of  1500  feet.  They  consist  chiefly  of  clays,  sands,  and  sand- 
stones :  and  in  Virginia  there  is  a  bed  of  what  is  wrongly 
tailed  "Infusorial  Earth/' which  attains  a  thickness  of  many 
feet,  and  consists  almost  wholly  of  the  siliceous  cases  of  cer- 
tain low  forms  of  plants  (Diatoms).  The  strata  of  the  White 
River,  wiih  remains  of  numerous  Mammals,  formerly  spoken 
of  as  Upper  Eocene,  are  sometimes  referred  to  the  Miocene 
formation.  The  fossils  of  the  American  Miocene  are  chiefly 
MMiscs  (of  which  15  to  30  per  cent  are  living  species). 

Life  of  the  Miocene  Period. — The  vegetation  of  the 
Miocene  period  has  been  already  spoken  of,  and  need  not  be 
again  discussed  here.  The  Invertebrates  of  the  Miocene  also 
need  no  special  mention,  since  they  arc  very  similar  in  type  to 
those  now  in  existence,  though  mostly  sj>ecifically  distinct. 
The  Fishes,  Reptiles,  and  Birds  of  the  Miocene  likewise  call 
for  no  special  comment.     The  Miocene  Mammals,  on  the 
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other  hand,  belong  in  great  part  to  extinct  types,  and  ue 
sufficiently  remarkable  in  their  characters  to  demand  sobk 
notice.  In  addition  to  the  orders  known  to  be  represented  ia 
the  Eocene  Tertiary,  we  meet  now  with  remains  refeniUe  to 
the  Edentata,  Proboscidea,  and  Quadrumana;  whilst  tome 
existing  groups  of  the  older  orders  are  now  represented  for  the 
first  time. 

The  Edentates  are  represented  by  the  gigantic  Ma£rotherum, 
which  appears  to  have  been  nearly  allied  to  the  Scaly  Ant- 
eaters  or  Pangolins,  and  by  the  still  more  gigantic  Aneylotkeriim, 

Of  the  Sirenia  we  have  the  genus  Haliiherium,  and  of  the 
true  Cetacea  we  have  the  remains  of  Squalodonts  and  Dolphini. 

Of  the  Ungulates  ih.^  Rhinoceridm  are  represented  in  Miocene 
times  by  Acerotherium,  the  Equida  by  Anchitkerium  and  H^ 
parion,  the  Hippopotamida  by  species  of  Hippopotamus  itsd( 
the  Suida  by  species  of  Sus,  the  Moschida  by  £>remotheriumy 
the  Cervidm  by  Dorcaiherium,  the  Camdopardalidce  by  Hflkdt- 
therium^  and  the  Cavicomia  by  the  extraordinary  SivaiherUm 
and  Bratnatherium,  The  Bovida  do  not  appear  as  yet  to 
have  come  into  existence. 

The  Proboscidea  are  represented  in  the  Miocene  period  by 
all  the  known  sections  of  the  order — namely,  by  Elephants, 
Mastodons,  and  the  Deinotherium, 

Of  the  Carnwora  w^e  have  Miocene  representatives  of  the 
FelidfZ  {Machairodus\  the  Catiida,  HymnUia^  Viverrida^  and 
Mustelidiz.  The  Insectivora  are  represented  by  species  of 
Erinaceus  and  Ta/pa,  and  the  Rodents  by  species  of  CmAt, 
Mus,  Lepus,  &c.  Lastly,  the  Quadrumana  are  represented  by 
the  two  extinct  genera  PHopii/iecus  and  Dryopithecus. 


CHAPTER    LVL 

PLIOCENE  AND  POST-PLIOCENE  PERIODS. 

Rocks  of  the  pLtocENK  Period. 

The  Pliocene  formations  contain  from  40  to  95  per  cent  of 
existing  species  of  Moi/usca,  the  remainder  belonging  to  extinct 
species.  They  are  divided  by  Sir  Charles  Lyell  into  two 
divisions,  the  Older  Pliocene  and  Newer  Pliocene. 

The  Pliocene  deposits  of  Britain  occur  in  Suffolk,  and  arc 
known  by  the  name  of  "  Crags,"  this  being  a  local  tenn  used 
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tain  shelly  sands,  which  are  employed  in  agriculture. 
f  Uiese  Crags  are  referable  to  the  Older  Pliocene — viz., 
lite  and  Red  Crags, — and  one  belongs  to  the  Newer 
ac,  viz.,  the  Norwich  Crag. 

lVAi/€  or  CoraJHne  Crag  of  Suffolk  is  the  oldest  of  the 
fie  deposits  of  Britain,  and  is  an  exceedingly  local  for- 
i,  occurring  in  but  a  single  small  area,  and  having  a 
am  thickness  of  not  more  than  50  feet  It  consists  of 
nds,  with  occasinnal  intercalations  of  flaggy  limestone. 
h  of  small  extent  and  thickness,  the  Coralline  Crag  is  of 
ance  from  the  number  of  fossils  which  it  contains.  The 
**  Coralline"  is  a  misnomer;  since  there  are  few  true 
,  and  the  so-called  "Corals"  of  the  formation  are  really 
«,  often  of  very  singular  forms.  The  shells  of  the  Coral- 
rag  are  mostly  such  as  inhabit  the  seas  of  temperate 
s;  but  there  occur  some  forms  usually  looked  upon  as 
ing  a  warm  climate. 

Upp^  or  /ifti  Crag  of  Suffolk — like  the  Coralline  Crag 
a  limited  geographical  extent  and  a  small  thickness, 
exceeding  40  feet.  It  consists  of  quartzose  sands,  usu- 
!€p  red  or  brown  in  colour,  and  charged  with  numerous 

tgether  more  than  200  species  of  shells  are  known  from 
wl  Crag»  of  which  60  per  cent  are  referable  to  existing 
L  The  shells  indicate  upon  the  whole  a  temperate  or 
old  climate,  decidedly  less  warm  than  that  indicated  by 
[anic  remains  of  the  Coralline  Crag.  It  appears,  there- 
hat  a  gradual  refrigeration  was  going  on  during  the 
ae  period,  commencing  in  the  Coralline  Crag,  becuming 
6ed  in  the  Red  Crag,  being  still  more  severe  in  the 
Ji  Crag,  and  filially  culminating  in  the  Arctic  cold  of  the 
I  period. 

des  the  MoHusca^  the  Red  Crag  contains  the  earbonett 
lies,  the  teeth  of  Sharks  and  Rays,  and  remains  of  the 
Ion,  Rhinoceros,  and  Tapir. 

Newer  Pliocene  deposits  are  represented  in  Britain  liy 
'rwich  Crag^  a  local  formation  occurring  near  Norwich, 
iists  of  incoherent  sands,  loams,  and  gravels,  resting  in 
cd   patches,  from  2   to   20  feet  in   thickness,  ui>on   an 

surface  of  Chalk.  The  Norwich  Crag  contains  a  mix- 
r  marine,  land,  and  fresh-water  shells,  with  remains  of 
md  bones  of  mammals ;  so  that  it  must  have  t>cen  dc- 
1  as  a  local  sea-deposit  near  the  mouth  of  an  ancient 

It  contains  altogether  more  than  xoo  marine  shells^  of 
89  per  cent  belong  to  existing  species.     Of  the  Matn* 
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mals,  the  two  most  important  are  an  Elephant  (EUpKu  men. 
t/io/ia/is)t  and  the  characteristic  Pliocene  Mastodon  (J/ 
naisis),  which  is  hiiherto  the  only  Mastodon  found  in  ! 

The  following  are  the  more  important  Pliocene  dciJOi^ 
which  have  been  hitherto  recognised  out  of  Britain  : — 

1.  In  the  neighbourhood  of  Antwerp  occur  certain  "cragi.' 
which  are  the  equivalent  of  the  While  and  Red  Crag  ui  paa 
The  lowest  of  these  contains  less  than  50  per  cent,  and  the 
highest  60  per  cent,  of  existing  species  of  shcUs,  the  rcnuinda 
being  extinct 

2.  Dordering  the  chain  of  the  Ai>ennines,  in  Italy,  00  bo6 
sides  are  a  series  of  low  hills  made  up  of  Tertiary  strata,  irhx3» 
are  known  as  the  Sub-Apennine  beds.  Part  of  these  is  ^ 
Miocene  age,  part  is  Older  Pliocene,  and  a  portion  is  Ncwo 
Pliocene.  The  Older  Pliocene  portion  of  the  Sub-ApcnniBO 
consists  of  blue  or  brown  marls,  which  sometimes  atuin  a 
thickness  of  2000  feet 

3.  In  the  valley  of  the  Amo,  above  Florence,  are  boOi 
Older  and  Newer  Pliocene  strata.  The  fonner  consist  of  libe 
clays  and  lignites,  with  an  abundance  of  plants.  The  bttcr 
consist  of  sands  and  conglomerates,  with  remains  of  large  Car- 
nivorous Mammals,  Mastodon,  Elephant,  Rhinoceros.  Hippo- 
potamus, &c. 

4.  In  Sicily,  Newer  Pliocene  strata  are  probably  more  Ur^ 
developed  than  anywhere  else  in  the  world,  rising  sometimes 
to  a  height  of  3000  feet  above  the  sea.  The  series  consists 
of  clays,  marls,  sands,  and  conglomerates,  capped  by  a  com- 
pact limestone,  which  attains  a  thickness  of  from  700  to  800 
feet  The  fossils  of  these  beds  belong  almost  entirely  to  lining 
species,  one  of  the  commonest  being  the  Great  Scallop  of  the 
Mediterranean  {Pedcn  Jacobitus). 

5.  Occupying  an  extensive  area  round  the  Caspian,  4H 
and  Azof  Seas,  are  Pliocene  deposits  known  as  the  *'A^| 
Caspian  "  beds.     The  fossils  in  these  beds  are  partly  frrsfr 
water,  partly  marine,  and  partly  intermediate  in  character,  and 
they  are  in  great  part  identical  with  species  now  in 

the  Caspian.     The  entire  formation  appears  to  intii 
former  existence  of  a  great  sheet  of  brackish  water,  form  •'. 
inland  sea,  like  the  Caspian,  but  as  large  as,  or  laiger  iJ 
Mediterranean. 

6.  In  the  United  States,  strata  of  Pliocene  age  are  foo 
North  and  South  Carolina.     They  consist  of  sands  and 
with    numerous    fossils,   chiefly  Molluscs    and    E{hituxii 
From  40  to   60  per  cent  of  the  fossils  belong   to  exi 
species.     On  the  Loup  Fork  of  the  river  Platte,  in  the  Upper 
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issouri  region,  are  strata  which  are  a?so  beheved  to  be  refer- 
able to  the  Pliocene  period,  and  probably  to  its  upper  division, 
prhey  are  from  300  to  400  feet  thick,  and  contain  land-shells, 
Iwith  the  bones  of  numerous  Mammals,  such  as  Camels,  Rhino- 
ceroses, Mastodons,  Elephants,  the  Horse^  Stag,  &c. 

Life  of  the  Pliocene  Period. — As   regards   the   life  of 
Khc  Pliocene  period,  it  is  sufficient  to  indicate  two  general 
considerations.     In  the  first  place,  we  have  to  notice  that  the 
introduction  upon  the  globe  of  existing  species  of  animals  was 
carried  on  rapidly  during  this  period.     In  the  older  Pliocene 
deposits  the  number  of  shells  of  existing  species  is  only  from 
40  to  60  per  cent;  but  in  the  Newer  Pliocene  the  proportion 
of  existing  species  rises  to  as  much  as  80  to  95  per  cent.     The 
Mammals  stitl  all  belong  to  extinct  species,  but  modern  types 
gradually  supersede  the  more  antique  forms  of  the  Eocene  and 
Miocene  periods.    In  the  second  place,  there  is  good  evidence 
to  show  that  the  Pliocene  period  was  one  in  which  the  climate 
of  the  northern  hemisphere  gradually  became  colder.     In  the 
Miocene  period,  as  we  have  seen,  Europe  possessed  a  climate 
probably  very  similar  to  thai  now  enjoyed  by  the  Southern 
States  of  the  Union,  and  certainly  very  much  warmer  than  its 
present  climate.     In  the  Older  Pliocene,  northern  forms,  on 
the  other  hand,  predominate  among  the  shells,  though  some 
of  the  tj'pes  of  warmer  regions  still  sur>'ive.     In  the  Newer 
Pliocene,  the  Moihtsca  are  almost  exclusively  such  as  inhabit 
the  seas  of  temperate  or  even   cold  regions.      It  might  be 
thought  that  the  occurrence  of  Mammals  such  as  the  Elephant, 
Rhinoceros,  and  Hippopotamus,  would  prove  that  the  climate 
of  Europe  and  the  United  Slates  must  have  been  a  hot  one 
during  the  later  portion   of  the  Pliocene  period.     We  have, 
however,  reason  to  believe  that  many  of  these  extinct  quadru- 
peds were  more   abundantly  furnished  with   hair^  and  more 
adapted  to  withstand  a  cool  temperature,  than  any  of  their 
living  congeners. 

Amongst  the   Pliocene   Mammals  may  be  mentioned  the 
Hewing,  as  comprising  the  more  important  forms : — 


Tapirus  An>enunsis. 
AfachoirOitus  cuUridens. 
Ursvs  Arvernensis. 
E^uu4  ptUidcns^ 


^B  Post-Pl[ocf.nk  Period. 

I^ter  than  any  of  the  Tertiary'  formations  are  a  series  of  de- 
posits which  are  spoken  of  as  Posi-Tertiary  or  Quaternary^ 
and  which  are  characterised  by  the  fact  that  all  the  contained 


Mastodon  Art^emefius. 
Elephas  meriJionalis, 
£.UphiU  tjfttujum. 
Rhinora-os  megnrhinus, 
Hippoptdamui  majtrr. 
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shells  belong  to  existing  species.     The  Post-Tertiaiy  depoiiiii 
are  divided  by  Sir  Charles  Lyell  into  Post-Piii^cent^  in  wl 
the  shells  belong  entirely  to  existing  species,  but  /♦»«/  «/ 
Mammals  are  extinct;  and  the  Recent^  in  which  the  tkeSi 
the  Mammals  alike  be/ofig  to  existing  species. 

The  Recent  deposits  do  not  properly  concern  the  Palaeonto- 
logist, but  the  Zoologist,  since  they  contain  the  remains  of  rooe 
but  existing  animals.  The  Post-Pliocene  dcjx)siis,  on  the 
other  hand,  contain  the  remains  of  various  extinct  MammaU, 
and  therefore  properly  form  part  of  the  domain  of  the  pabton- 
tologist.  The  deposits  of  the  Post-PHoccne  period  may  be 
divided  into  those  which  preceded  the  Glacial  period,  those 
which  were  formed  during  the  Glacial  epoch,  and  those  which 
are  Post-Glacial. 

I.  Pre-Glacial  Deposits. — The  chief  pre-glacial  dcfwsitrf 
Britain  is  found  on  the  Norfolk  coast,  reposing  upon  the  Newer 
Pliocene  (Norwich  Crag),  and  consists  of  an  ancient  Und-fur- 
face  which  is  known  as  the  '*  Cromer  Forest-bed." 

This  consists  of  an  ancient  soil,  having  embedded  in  it  the 
stumps  of  many  trees,  still  in  an  erect  position,  with  remains 
of  living  plants,  and  the  bones  of  recent  and  extinct  quarfnt- 
peds.  It  is  overlaid  by  fresh-water  and  marine  beds,  all  the 
shells  of  which  belong  to  existing  species,  and  it  is  finally  sur- 
mounted by  true  **  glacial  drift,"  >Vhile  all  the  shells  and 
plants  of  the  Cromer  Forest-bed  and  its  associateri  strata  belong 
to  existing  species,  the  Mammals  are  partly  living,  partly  ex- 
tinct. Tints,  we  find  the  existing  Wolf,  Bison,  Reindeer, 
Beaver,  Walrus,  &:c.,  side  by  side  with  three  extinct  Elephants, 
the  Rhinoceros,  and  Hippopotamus,  and  a  gigantic  eiliiict 
Beaver.  Among  the  Elephants  are  two  Pliocene  species,  vii^ 
Eiephas  meridiottaiis  irci^  Elephas  antiquus.  The  third  speaes 
is  the  Mammoth  {Eiephas  primigemus)^  which  has  not  as  yt\ 
been  detected  in  strata  of  Pliocene  age.  The  following  lid  is 
given  by  Mr  Boyd  Dawkins  as  comprising  the  most  importul 
Mammals  as  yet  known  in  the  **  Forest-bed  :" — 


List  of  Pre- 

Ursus  Arvernfmsis, 

Ursus  spdaus  {^  Etruiats)* 

Sorfx, 

Mygale  mosthaia. 

Crrt'iit  iHfgiUfros  f 
Crri'us  capreoius, 
Cert-US  tltiphtts. 
Cervus  Sfdgxvkkii* 
Cervm  ardnis. 


Glacial  Mammals. 

I         Bos  primigf*titt%, 

flippopctamus  majcr. 
Equus  fossilis, 
HhiHixeros  mfgarhiuus. 
Hhinocervs  Etruscus. 
EUphas  aniiqiou. 
KUphas  nuridwnalis. 
Ari'uola  nrnphibki-. 
CkUtor  pi>€r. 
Trogonikrrium  Catvifri 
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II.  Glacial  Deposits. — Under  this  head  is  included  a 
;reat  series  of  deposits  which  are  widely  spread  over  both 
Uirope  and  America,  and  which  were  formed  at  a  time  when 
ic  climate  of  these  countries  was  very  much  colder  than  it  is  at 
ffesent,  and  approached  more  or  less  closely  to  what  we  see  at 
present  day  in  the  Arctic  regions.  These  deposits  are 
nown  by  the  general  name  of  the  Glacial  deposits^  or  by  the 
lore  specialised  names  of  the  Drift,  the  Northern  Drift,  the 
ttulder-clay,  the  Till,  &c. 

These  glacial  deposits  are  found  in  Britain  as  far  south  as 
Thames,  over  the  whole  of  Northern  Europe,  in  all  the 
lore  elevated  portions  of  Southern  and  Central  Europe,  and 
rer  the  whole  of  North  America,  as  far  south  as  the  39lh  par- 
Icl.  They  generally  occur  as  sands,  clays,  aiid  gravels, 
>Fead  in  widely-extended  sheets  over  all  the  geological  forma- 
ons  alike,  except  the  most  recent,  and  are  commonly  spoken 

under  the  general  term  of  "  Glacial  drift"     They  vary  much 

their  exact  nature  in  different  districts,  but  they  universally 
onstst  of  one,  or  all,  of  the  following  members  : — 

1.  UtisiratijUd  obi^'^^  or  loams,  containing  numerous  angular 
sub-angular  blocks  of  stone,  which  have  often  been   trans- 

OTted  for  a  greater  or  less  distance  from  their  parent  rock, 
nd  which  often  exhibit  polished,  grooved,  or  striated  surfaces. 
liese  beds  are  wlial  is  called  Bouider-chy,  or  TiU, 

2.  Sands,  gravels,  and  clays,  often  more  or  less  regularly 
fraiifieii^  but  containing  erratic  blocks,  often  of  large  size,  and 

th  their  edges  unworn^  derived  from  considerable  distances 
rom  the  place  where  they  are  now  found.  In  these  beds  it  is 
lot  at  all  uncommon  to  ^nd  fossil  shells ;  and  these,  though  of 
sxisting  species,  are  mostly  of  an  Arctic  character,  comprising 
\  majority  of  forms  which  are  now  exclusively  found  in  the  icy 
praters  of  the  Arctic  seas.  These  beds  are  often  spoken  of  as 
"Strarified  Drift." 

3.  Siratifiid  sands  and  gravels,  in  which  the  pebbles  are 
Miorn  and  rounded,  and  which  have  been  produced  by  a  re- 
irrangcment  of  ordinarj*  glacial  beds  by  the  sea.  These  beds 
Ire  commonly  known  as  '*  Drift-gravels,"  or  "  Regenerated 
Drift." 

The  fossils  of  the  Glacial  deposits  arc  almost  exclusively 
hells,  which  belong  to  existing  species,  but  are  referable  to 
pccies  now  inhabiting  cold  regions.      The  most  important 


Glacial  shells  are  the  following : — 
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Ptctcn  IsiandicHs, 
Aitarte  bonalU, 
I^tiia  ohhnga. 
Saxiava  rugosa, 
Teilinu  proxima. 

Ledtt  trjirtciito. 
AstiirU  comprasa. 


Trophon  clatkratum, 
Natica  tlausa, 
Scaletria  CnrmSnndieA. 

J^rpura  lapHlus* 
FusHs  Izicndina, 
LUtonna  littorta. 


III.  Post-Glactal  Deposits.  —  Under  this  head  art 
eluded  various  fluviatile  deposits,   such  as   brick-earths, 
level  and  high-level  gravels,  and  all  tliose  accumulations 
are  generally  understood  by  the  terms  "  cave-deposics," 
ferous  breccias/'  and  the  like.     The  fossils  of  these 
consist  chiefly  of  the  bones  of  Mammals,   both  living 
extinct,  in  many  instances  mixed  with   the  bones,  or, 
commonly,  the  implements  of  man  in  his  earliest  and 
condition.      Most  of  the  Pre-glacial   Mammals  which 
been  previously  enumerated,  survn'ved  the  Glacial  period, 
appear   in    Post-glacial  deposits;   but   along   with  these « 
other  forms— some  extinct,  some  still  in  existence — whid)  iR 
not  known  to  have  lived  in  times  prior  to   the  Glacial  epod , 
The   following   list  is  given   by   Mr   Boyd  Dawkins  d 
Mammals  which   inhabited   Britain    during   the  Post- 
epoch  : — 

List  of  Post-Glacul  Mammals. 

Palaeolithic  Man. 

The  (Tlutton  ((/«/<>  Utscus). 

The  Cave  Bear  \Vrsus  spfUtits)  ? 

The  Grizily  Bear  {Ursus /erox)  ? 

The  Cave  I-ion  [Fefh  lfo=Fe/is  sptl^. 

The  Cave  Hyaena  {Hy<ena  sptlaa). 

The  Panther  \Ffiis  pardus). 

The  Mu^k-sliccp  (Ovibcs  mcscAafus), 

The  Tichorhinc  Rhinoceros  {/^.  tuAorAsnits). 

The  Mammoth  [Etfphas  primi^enius),  ^ 

The  Lemming  {Afyodtsfemmus),  ^B'*'^^ 

The  Cave  Pifca  (/(»^wty).  ^J*^:i> 

The  Vouchcil  Mannol  {SpetmopJkiltu). 

SperniophUuJ  erythrogatoidcs. 


Geographical  Succession  of  Organic  Fowi^- 

A  few  words  may  be  said  here  on  a  law  which  ir 
the  '*  law  of  the  geographical  succession  of  on 
and  which  is  illustrated  more  completely  by  t 
than  by  any  other  extinct  animals.      An  examir 
of  the  facts  of  the  geological  distribution  of  Mi 
the  striking  generalisation  that  "  the  presen 
orgamc /i/nns  vViV^iS  WOk  \o  ^ -^xvad  anterioi 
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Vies"  (Lyell),  In  other  words,  though  the  extinct 
ff  the  later  geological  deposits  of  any  given  country 
ca//y  from  those  now  existing  in  the  same  country, 
vertheless  referable  to  the  same  orders^  and  are  in 
ct  more  closely  allied  to  the  present  Mammalian 
to  that  of  any  other  countr)-.  A  few  examples  will 
perfectly  clear. 

at  the  present  day  is  an  altogether  peculiar  zoolo- 
ce,  characteriseil  by  the  abundance  and  variety  of 
which  inhabit  it.  In  the  Post-tertiary  dei)osits  of 
lowcver,  we  are  presented  with  proofs  that  Marsu- 
ust  as  characteristic  of  Australia  during  late  geolo- 
s  as  they  are  now.  In  llie  Post-i)liocene  period 
hat  Australia  was  occupied  by  Kangaroos,  Kan- 
tVombats,  Phalangers,  and  Carnivorous  Marsupials, 
Ly  rcprgsenting  the  living  Marsupials  in  zoological 
fxcificaily  distinct,  and  generally  of  gigantic  sixe. 
me  way,  South  America  at  the  present  day  is  espe- 
cteriscd  by  a  Mammalian  fauna  containing  many 
ms,  the  Edattaia  being  especially  conspicuous,  and 
argcr  representation  than  in  any  other  region, 
distinct  forms,  however,  are  found  to  have  existed 
tmerica  anterior  to  the  croation  of  any  existing 
hus,  the  moflern  Sloths  of  South  America  are  re- 
y  the  colos^ial  MyhuUn,  Afxgaionyx^  SceHdot her  turn  ^ 
fcriutfL      The  little  armour-plated  Armadillos  are 

by  the  equally  colossal  Glyptodou.  The  Llamas — 
\  in  South  America  the  Camels  of  the  Old  World — 
ited  by  the  curious  extinct  genus  Macrauchmia^ 
bine  Monkeys  have  their  extinct  representatives. 
rs  take  the  place  of  the  two  existing  species  ;  and 
:s  arc  represented  by  at  least  tivc  extintt  siiecies 
The  bone-caves  of  Brazil  have  also  yielded  re- 
oths,  Coatis,  Kinkajous,  Armadillos,  Guinea-pigs, 
pybaras,  Pacas,  Coypus,  Vampire  Bats,  and  Cera>- 

to,  yet  distinct  from,  the  species  now  inhabiting 
rica. 
,  India  is  at  present  the  only  country  in  which 

Antelopes  occur ;  and  it  is  in  the  Siwalik  Hills 
ave  been  found  the  two  gigantic  four-horned  An- 
ich  constitute  the  genera  Sivatherium  and  Brama- 

•c,  again,  the  Mammalian  fauna  of  the  later  Ter- 
s  is  much  more  closely  allied  to  that  now  charac- 
Old  World,  tlian  to  that  of  the  New.     W^  KaN^ 
2  N 
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the  Lion,  Bear,  Wolf,  Fox,  and  other  well-known  Carnkwa, 
Elephants,  Bhinoceroses,  and  Hippopotami,  then  as  now,  arc 
characteristic  Old  World  forms.  The  Ruminants  are  equally 
characteristic  of  the  eastern  hemisphere,  though  not  excli 
sively  confined  to  it,  and  they  have  numerous  and  varied  xt- 
presentatives  in  later  Tertiary  deposits.  The  Giraffe  is  rq)^^ 
sented  by  the  Helladotherium^  and  the  Bactrian  Camel  by  the 
Merycotherium  of  the  Siberian  Drift  The  fossil  Quadrumana. 
too,  of  Europe,  all  belong  to  the  Catarhine  section  of  the 
order. 

It  is  unnecessary  to  pursue  the  subject  further,  but  no  bv 
is  more  firmly  established  than  this :  "  That  with  extinct  as 
with  existing  Mammalia,  particular  forms  were  assigned  to 
particular  provinces ;  and  that  the  same  forms  were  restricted 
to  the  same  provinces  at  a  former  geological  period  as  the}' 
are  at  the  present  day"  (Owen).  It  is  to  be  borne  in  mind, 
however,  that  the  law,  as  just  stated,  holds  good  for  the  later 
Tertiary  period  only,  and  does  not  apply,  in  any  manner  that 
admits  of  being  traced,  to  the  earlier  geological  epochs. 
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ABDOtnat  {Igkt.  ahdo,  T  enncoa]).     The  ptrwterior  eAvity  of  the  body,  oont^- 

iog^  the  intostiDOs  rimI  othoni  of  the  viffocrn.     Jd  many  [a%'ertebnitai  ibers 

U  no  ««paratioD  nf  t)te  boUy-cavity  into  thorax  and  abdomen*  and  it  is  only 

ID  tbo  htfffaer  Annulovi  that  a  dutinot  Rb<loaicQ  ean  be  said  to  exist. 

A8CHICANT  (L&t.  abcrrot  1  wander  awny).     Departing  from  tlu  regitlar  ty|>e. 

AnxoiiJfAL  (Lat.  (ih,  from;  norma,  n  nilo).      Iiregular;  deriating  from  the 

unlioory  ■tnodanL 
Abranciiiatk  (Or.  a,  without;  braffchtaf  gill).    Destitute  of  gills  or  bran- 
chiae. 
ArAKTaopTKRTCll  <Gr.   ahthlht^  tpine ;  f/ferfti,  winjf).      A  group  of  bony 

fiiihoa  with  Mpinouii  rayti  in  the  front  imrt  of  tbo  dorsal  6n. 
AoABiXA  (Or.  ahxit\  a  mite).     A  divuion  of  the  Ararhnid<i,  of  which  the 

Cboeae-mitc  is  the  t>'po. 
ACKPHALOL's  (Gr.  ti,  'witlioiit;  t^phaU,  bead).      Not  poBseariog  a  distinct 

head. 
AaCTABULA  (lAt.  acetalmlumf  a  oup).     The  suckers  irith  which  the  cephalic 

proeeaeos  of  many  Cwpkntopoda  (Cuttle  tishesi  are  provided. 
AcBTABU1.uir.     The  cup-sbapod  looket  of  the  hip-joint  in  Vertebmtes. 
ActtODOlfT  (Or.  atroi,  high  ;  ttdoug,  tooth).     Applied  to  LirArJa,  in  which  the 

teeth  nre  anohylosed  with  the  summit  of  tbo  jow. 
AcnoGKNB  (Gr,  atrot,  hiji^b  ;  ffennao,  I  produoo.)     Plants  which  increase  la 
I       bei^rbt  by  additiooH  mode  to  the  summit  of  the  stem,  by  the  uuion  of  the 
I       basse  of  the  leaves. 

I    AorvozOA  (Or.  ahiti,  a  rmy;    and  :o!in,  nn  nnimnlt.      That  division  of  the 
I      Cedtnttrata  of  wbloh  the  Soa-onemonos  may  bo  taken  as  the  typo. 
i    Alveou  (LaL  dim.  of  ahtu,  belly).     Applit^l  to  the  sockeU  of  the  teeth. 
I    AianTLACBA  (lAt.  ninftulaeniui^  a  place  for  walkiotr).      The  perfonted  spaces 
^.     or  ^'aTeDues"  through  which  iiro  protruded  the  tube-feet,  by  means  of 
^B  which  locomotioa  is  effected  in  tbo  EthtHvImnata. 

pUBCLATOBT  (Lat.  amlulo,  I  walk).      Formed  for  walking.     Applied  to  a 
I        sinele  limb,  or  to  an  entire  animal. 

AvuoxrriDA.  A  family  of  Totrabmnchiate  Cephalopoda,  so  colled  from  the 
I  rasemblance  o{  tho  shell  i*f  tliu  iypc-fjonuB,  .-ImmvniVeJ,  to  the  bums  of  the 
I       Kgyp^'*^  God,  Japitor-Aumion. 

AygBA  (Or.  amoiftoi,  ohanginji,').      A  spccicii  of  Rbizopod,  so  called  from  the 
'       Dumerouti  cbaiigos  of  fonii  which  it  tindor^>es. 
Amoebipokji.     Kesumblii)^  an  Amacbn  in  fumi. 
Ajf'JHPHozoA  (Gr.  a,  without ;  motyh,  shape  ;  zoSn^  animal).     A  name  somo- 

times  used  to  deaignato  tbo  SvoHiff*. 
Amfbihia  (Or.  ampAi,  both;  610*,'  life).     The  Frotts,  Xewts,  and  the  like, 
which  bftve  gills  whoo  young,  but  can  always  breathe  air  directly  when 
adult. 
AJfFii[(-(ELOVB  (Gr  amphi,  at  both  ends  ;  kt/ilotf  hollow).      Applied  to  verto- 
bra  which  are  concave  at  both  ends. 
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AxPHtFODA  (Gr.  ampkif  $iiA  poug,  a  foot).    An  order  of  Crtulmeem, 

Aval  (Lat.  anut,  the  vent).    Coanected  with  the  Anus,  w  dtoated  aav  tW 

anus. 
A5ARTBBOPODA  (Gr.  a,  without ;  aiikrot,  a  joint ;  m>Kt,  foot).    That  dtririsi 

(if  Annniou  animals  in  which  there  are  no  artiottiated  appendafiM. 
A5CHTL0SIS  or  Anktlobts  (Gr.  ani-u/of,  crooked).     The  union  of  two  faoM 

by  osseous  matter,  eo  that  thej  become  one  bone,  or  Km  immorablj  joiail 

together. 
ANOiusrERUS  (Gr.  angeion,  a  resael ;  ^perma,  eeed).     Plants  which  harethv 

seeds  euclosod  in  a  seed-vessel. 
Anxruda  (a  Gallicised  form  of  Annuta/a).    The  Ringed  worms,  whidi  fora 

one  of  the  divisions  of  the  A  narthivpoda. 
AknulaTEB.     Composed  of  a  miccession  of  rings. 
ANNniX)ii>A  (Lat.  uumn/iu,  a  rina^;  Gr.  eidon,  form).      The  sab-kingdom  cob- 

pristng  the  Echinodrrm^Ua  and  the  Scolecida  {=Beiiiiocoa). 
Annulosa  (Lat.  anttHlHM).     The  sub-kingdom  comprising  the  AnariJavfitiU 

and  the  A  rthropoda  or  Artiml4Xfa,  in  all  of  which  the  boiij  is  mon  or  lau 

evidently  composed  of  a  succeaalon  of  rings. 
Anouodontia  (Gr.  aHoniji,  irregular;  odouif  tooth).      An  exUnot  oidsr  «r 

Reptiles,  often  called  Dicynodoaiia. 
A50MURA  (Or.  atwmosy  irregular ;  oicra,  tul).    A  tribe  of  Dec^wd  Crutatm^ 

of  which  the  Hermit-crab  is  the  type. 
AnoplotherU)£  (Gr.  oMoplot,  unarmed  ;  thtr,  beast).    A  family  of  Tirtiir; 

Ungulates. 
ANODRA(Gr.  a,  without;  onra^  tail).    Theorder  of  jlm^jAtftia  oompriihgtkt 

Frogs  and  Toads,  in  which  the  adult  is  destitute  of  a  tail.     Often  auM 

BntrarhSa. 
Antknn.c  (Lat.  antenna^  a  yard-arm).    The  jointed  horns  orfeelers  poaHwi 

by  the  majority  of  the  AriicnltUa. 
Antennui.ks  (<lim.  of  A  ntenna).     Applied  to  the  smaller  pair  of  anteoia  in 

the  Cnistacm. 
Antibrachium  (Gr.  anti,  in  front  of ;  hrachloa,  the  arm).      The  fore-oma  of 

the  higher  Vertebrates,  composed  of  the  radiit*  and  ufna. 
ASTLEKS.     Pro]>erly  the  branches  of  the  horns  of  the  Deer  tribe  {Certidt}, 

but  uenerally  applied  to  the  entire  horns. 
Apiocrinxd.f  (Gr.  amon,  a  pear;  krinon,  lily).     A  family  of  Criooids-tbe 

"  Pear-encrinitoa, 
Api.aofntalia.     The  section  of  the  ^f<lmmaiiaf  comprising  the  two  diiiniiu 

of  the  iJifldphia  and  Afunodrfphia,  in  which  the  young  is  not  faniisbed 

with  a  placenta. 
APoD.v  (Or.  <t,  without ;  podj;*,  feet).     Applied  to  those  fishes  which  hsre  no 

vcntml  fins.     AIho  to  the  footless  CacUia  amongst  the  Ampkibia. 
Atodal.     Devoifl  of  feot, 
AlTERA  (Or.  a,  without;  pferon,  a  wing).     A  division  of  Insects,  which  ii 

characterised  by  the  absence  of  wings  in  the  adult  condition. 
Aptkkouh.     Devoid  of  win^^ 
A  PTKKVX  (Or.  a,  without ;  pteriix,  a  wing).    A  wingless  bird  of  New  Zctlui 

belongiDg  to  the  order  Curmres. 
Araohnida  (Gr.  arachne,  a  spider).     A  class  of  the  Articulata,  compriwij 

SpidorH,  Scorjiions,  and  allied  animals. 
Arbokksckxt.     Branched  like  a  tree. 
AnnH.TiOPTKRYX  (Gr.  an-haios,  ancient;  ptrrux^  wing).      The  singular  fosil 

bird  which  alono  constitutes  tho  order  of  the  Sanninx. 
Ares.\.ckoU8.     Sandy,  or  compose*!  of  grains  of  sand. 
Artici'lata  {\Ai.  articulut,  a  joint).      A  division  of  the  animal  kingdon, 

compri.si[tp  Insects,  Centipe<les,  Spiders,  and  Crustaceans,  characterised  bf 

the  i>oHHC.shion  of  jointed  bodies  or  jointed  limbs.     The  term  Artkrupala  ii 

now  nioro  usually  omjiloyed. 
Artiudactvla  (Gr.  arfios,  even ;  dakfnloti,  a  finger  or  toe).     A  dirisos  of 

the  hoofed  quadrupeds  ( Vugulaia)  in  which  each  foot  has  an  even  auBbsr 

of  toes  (two  or  four). 
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jioff  a  bottle  ;  eulott,  a  Turmh      A  Bynonym  of  Tvnieata,  a 

tons  aoimalji,  which  hare  the  shApe,  in  m&ny  coses,  of  a 

.le. 

ed  to  nodes  of  reproihiction  in  which  the  scxea  are  not 

3t  posaoasinfr  a  nnpiratfiry  tube  or  siphon.      (Applied  to  h 
Mmdlibranthiettr  MoMuscn). 

Itr,  n  star  ;  and  ridot^  form).      Star-shaped,  or  possaRsing^ 
or  rays  like  a  star-fish, 

I  order  of  £c/tinodei'Mata,  oomprising  the  Star-fishes,  char- 
lir  rAved  fornj. 

It,  without;  ttoiita,  mouth).     XutpossessinK  a  month. 
mI  who  holds  up  the  enrth).    The  first  vertebra  of  the  neok, 
IS  with  and  supports  tho  skull. 
birrl).     The  dam  of  the  Kirdii. 

.t.  avicutit,  dim.  of  anV,  a  Kini).      A  riogular  appondng;e, 
:e  the  head  of  a  binl,  found  in  many  of  the  Pnfv^M. 
pivot).     Tho  soooDci  vertebra  of  the  neok,  upon  which  tho 
jsually  rotate, 
rithout ;  zHJ/on.,  yoke).     Single ;  without  a  fellow. 

laitiu,  nn  acorn).    A  family  of  sessile  Cirriptdtt,  oommcmly 
>hellM." 

ma,  a  whale).     The  horny  plates  which  oceupy  the  palate 
whalebonu"  Whnlos. 
,  a  bramble).     l*ho  family  of  the  Eiofmofiranchii  oomprisin^ 

'j/mM<M,  a  frv).      Often  loo8«1y  applied  to  any  of  the  .1  m- 

tutimes  roatricted  to  Ibe  Amphibians  as  a  class,  or  to  the 

'he  A  Houra. 

r.  Mf\ni*on,  a  dart).     An  extinct  grroup  of  Dibraachjato 

>Dipridiii)(  the  Holemnites  and  their  allies. 

*  two  partti ;  forked. 

lag  two  fyniRiotrical  Rides. 

iwioQ ;  taaauM,  a  band).     The  order  of  M'lBtmalia  oompris- 

,  twice  ;  pf«,  foot).     Wnlking^  xipon  two  legs. 

,  twice;  valvar,  fuldlnt^-doors).     Coropoiod  of  two  plates  or 

to  the  shell  of  tbo  LamtUitrancUitiUt  and  tinKhiop^MfUf  and 

of  oertain  Crustarttt. 

Mti^ut,  a  bii'l  ;  and  ruiof,  form}.     An  extlnot  onler  of  ErJii- 
D  culled  Pftitremites. 

*,  trrachiiio,  an  aiin  ;  pouji,  the  foot).      A  class  of  the  Molina- 
Lied  "  Lamp-sholls,'   characterised  by  poasesaiDff  two  fleshy 

from  the  fiido<t  of  the  moutli. 

■nchioff,  arm).     Applied  tt>  the  upper  arm  of  Vertebrates. 
briLcAut,  short ;  oarti,  tail).     A  tribe  of  the  Decapod  CVufAi- 
t  tails  [i.e.,  tbo  CrabaV 

r.  finuiuM,  slow  ;  poda,  feet).    The  family  of  Edentata  oom- 
;hs. 

wreAwt.  the  gill  of  aflsh).    A  respiratory  organ  adapted  to 
tolved  in  water. 
OBieasinA'  (pll.i  or  hraiichlo}. 

t,  bmgchui.  gill ;  and  fi/itro,  I  carry).     A  division  of  Oatlrm- 
-1,  in  which  the  rrmpimtion  is  aquatic,  and  tho  ros^iratory 
tly  in  tho  form  of  flistinct  gills. 
ioK)DA  (=  Brouchifera  I. 

Gr.  bruf/rAm;   and  pi'Hs,   foot).     A  legion  of  Cnniac*a,  in 
are  suppurteti  by  the  feet, 

iGr.  brti^hii,  gill ;  stetjo,  \  eovor).     Applied  to  a  membrane 
.ich  the  gidii  are  protected  in  mnny  &sbea. 
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Bruta  (Lat  hrulw,  hearj,  vtupid).    Oftan  oaed  to  d«djp«io  tbe  manltai 

onlor  of  the  E^Untala, 
Bhyoziu  (Gr.  fti-uon,  moM;  soBa,  Animal).     A  ttywmjm of  J^p»mt%i^tm 4 

tho  ,l/o//M*rp»Wo, 
Buccal  (Lnt.  d'nccii,  mouth  or  oheelcs).     ConDOOtod  with  tfao  toooth. 
BuBSiroitM  <LiLt  bursut  a  puno  ;  format  abapo).      Sliaped  tUc*  a  poia ;  al» 

spherical. 
BTSStFBBOUS.    Producing  a  hyflSQK. 
Bt88U8  (Gr.  ZriMsof.  flttx).     A  t«nD  amJlod  to  the  Milky  filammt*  K7  «ikft 

the  Piaiuif  tho  commoa  Mussel,  aod  corUin  other  UralTo  JIoZ/mm,  aiM 

Ihonuclvofl  to  foreign  objects. 


catiuc*!*,  foiling  ofl*;  Gr.  bnjqcki^x,  gtllL     ApIIal 
in    which  tho   (cilla    fall  off  tiefore  matuitt;  h 


Caduoibraxchute  (Lttt, 

to   those   Amphibians 

reached. 
Uaoccous.     Applied  to  parts  which  foil  off*  or  are  shed  during^  tb«  life  cf  tti 

Doiuuil. 
Oaoal  (Lat  forCHt,  blind).    Terminatin);;  blindly,  or  in  a  cloead  uiliiMii|. 
Caccm  (Lat.  Accfuf).     A  tube  whiuli  tormioatcs  blindly. 
C^sriTOSE  (lAt.  AMpdi,  a  turf).    Taftod. 
Cainozoio.     (St€  Kaioosoic.) 
CaltAjnTEs  (Lat.  qoAmiwj,  a  reed).      Extinct  plants  with  reed-liko  ■ftiai^W' 

lievod  to  bo  glcrnntjc  representatives  of  the  K'tai*ftafrtf. 
CALrAUCora  {i^l.  calx,  lime^.     Composed  of  rartmnAte  nf  limeL 
C.\UCE.     The  little  crtp  in  which  tno  polype  of  a  ooFal)i(;etiow  Zai^jM 

{Jrtiii(iZf>Cn)  in  uontoined. 
CALYO>PU0KiD.r.  [Or.  kixtux.  a  oup  ;  and  phero,  I  canr).     Ad  orte  of  0* 

Oceanic  Ht/drowaj  so  called  from  their  posaoa^ng  boll-«hapcd  wioiBiaiic 

orjians  \nrrUtaUvctt). 
Calyx  (Lat  ciilyx,  a  cup).     Applied  to  the  cup-shaped  body  of  Tiirtaitti 

(Pni/ocwa),  or  of  a  Criiitnd  {£cftittodrimalix). 
VAMVXsuLAfkDtK  (L&t,  campantiia,  a  boll).     An  order  of  Bydroid  2oodi5ttL 
CAyrvR  (Lflt.  cams,  adofc).     The  eye-tooth  of  MATntnolit,  or  tho  tootnvtM 

is  plficed  at  or  okMe  to  ihe  iin>*ronKitlary  suture  iu  tbu  opper  jsir,  aiul  lfe» 

oorrenponding  tooth  in  the  luwor  jaw, 
CAPiTUurM<Lat.  dim.  ofwpttt,  beml).      Applied  to  tho  body  of  a  Bsrauie 

{Ltptidiiiir),  from  its  helni^  supported  upon  a  stalk  or  |>ednnoIe. 
CaRataob.      A  protective  shield.      Applied  to  tho  upper  shell  of  Cr«h».  Utb- 

sters,  and  many  other  Crttstnoea;  aJsu  to  iho  cave  with  which  certain  of  t^ 

Infuiontt  are  provided.     Also  tbe  upper  Lalf  of  the  UDznorable  am  is 

which  tho  body  of  a  Cholonian  ia  prutoctcd. 
Cahiivatj:  (Tjit.  mn'jia,  a  keel).      Applictl  by  Rozley  to  all  those  hirdi  h 

which  tbe  utomum  is  rumishod  with  n  tnedtou  ridpo  or  IcouL 
Car.'civuR.i  (Lat.  care,  flesh ;  t*oro,  X  devour).     An  order  of  tb«  MimmaHt. 
Cabntyorous  (Lat.  caro,  flesh  ;  voro,  I  devour).     Feeding  upoo  fiesh. 
Gabkosr  iLat  azro).    Fleshy, 
Carpus  (Gr.  iur^oi,  tho  wrist).    The  small  bones  which  iotorreDe  butma 

tho  fore-nrm  and  the  metaoarpuH. 
Catardina  (Gr.  l-<U<i,  downwards;  rkiiut,  noetrils).     A  group  of  the  Qaafri- 

niaa4X. 
CacdaL  (Lat.  Cauda,  the  teil).     Belonging  to  the  toil. 
Cavicorkia  (Lftt.  mvusj  hollow;   comtt,  a  horn).      The  "  boUow-boned ' 

Ruminnnts,  in  which  the  horn  consists  of  a  oentml  bony  "borD-con"  sv- 

rounded  hy  11  horny  sheath. 
Cektrpu  (Cir.  knttnin,  the  point  round  which  a  circle  is  denrribed  bjapstf 

of  oompABses).     The  central  portion  or  *'  b(»«ly"  of  a  vertebra. 
CkpbalasPIDJE  (Or.  JbephaU,  beod  ;  njtptj,  nhieltl).     A  fkmily  of  foasfl  fishes. 
Cephalio  (Gr.  kephaU,  hcail).     Belonging  to  the  bend. 

Chpuai^-rhanchiati^  (Or.  hpfutlf ;  and  h-fi^jfhut^  gill)-     CAtrying  eflhnpOQ 
the  heo*].     Applied  to  a  section  of  the 
have  tufts  of  external  gills  placed  upon 
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CEPHAUnpnoBA  (Gr.  hephnlf ;  mni^vhrm,  I  cnrry).     Uiied  ndODymoQAly  with 
Kur^pluUtt,  to  d^itfimte  Lbuso  .UoHutta  wticti  posioss  a  (fitUnct  beftil. 


rm,  I  cflrry). 
pluilu,  to  di^i|^»tte 
CcraAXupciDA  (Gr.  kffihah  :  niid  porfw.  ftwl).     A  eUiw  of  tho  MulUttcrt,  com- 

prisiDic  tlto  CiittJo-6shos  anij  tbulr  allien.  In  which  there  ia  a  series  of  arm* 

r«og«d  rouml  the  head. 
CEPaAiX)THORATi  ((Jr.  Irphntf  ;  and  thomr,  choRt).     The  anterioT  dmsion  of 

the   body  iu  many  Crmattufa  and  Arucfiniday  which  u  composed  of  the 

ci^escod  he«tl  and  cbeAt. 
Ckbvical  (Ijxt.  crrrir,  nock).     Connoctod  with  the  region  of  the  neek. 
CBSTRAPHORl  (Ur.  lesfrti,  n  woAfion  ;  ftJirm,  I  carry).     The  gnimt  nf  Efiumo- 

frraMrAii  reprtMieDted  at.  the  present  (]»)'  l>y  the  Port  Jftokaon  Stmrk. 
CbTacea  (Gr.  hitotf  a  whale).     The  order  of  Alammale  comprituii(j;  the  Whales 

and  Dolphins. 
CnJaRorriTRA  Kir.  cUirj  haod  ;  ptntnif  awing).    The  order  of  Mammala  com- 

priainft  the  Bata. 
Cbeuc  fGr.  r/ielf,  a  claw).     The  prehonmle  clnwn  with  which  some  of  the 

limbe  are  terminated  in  certain  Crtt-rtttcea,  such  as  the  Crab,  I^obster^  kc. 
Creljitb.     PoMCssint^  chehe ;  applied  to  a  limb. 
Chklickbji  (Gr.  chelf,  A  clnw  ;  and  teiiu,  a  bnrn).    The  prehoDftile  claws  of 

tlie  Scorpion,  mip(>o8ed  to  bv  hcmolo^ous  with  anteuofe. 
t'nn.oMA  (Gr.  rhrlonf,  a  tortvise).     The  order  of  Keptilen  comprising'  the 

TortoiitCR  and  Turtloi. 
CilEL/»NOBAT«A0HiA  (Gr.  cKfloHf,  A  trrtoifio ;  fca/rarAn*,  a  froc).     fiomdlmos 

Applie«l  to  the  Ainphihian  onlor  of  tlio  AHtntra  (}<Vogs  and  Toodt). 
Chilimjnatiia  (Gr.  r)teilo4,  a  lip;  and  ^nt/Mof,  a  jaw).     An  order  uf  iho  Jfy- 

<  (iiLoi-oDA  (Gr.  cAeiios;  and  pnri^t,  feet).     An  order  of  the  Af^friapoda.. 
CuiiiNE  (Gr.  cfiitoa,  a  c«Qt).     The  peculiar  chemicil  principW,  nearly  allied 

to  horn,  which  forms  the  exovkoletnn  jn  many  Invertebrate  Auimahtj  cspCK 

cially  in  the  .-IrtAAi/KH/a  (C'nutttrea,  /xtftta,  ko.) 
Rj  (LaL  rirnis.  a  curl).    Tcndril-Hko  appenda^^es,  such  as  the  foot  of  Bar- 

Bflclen  and  Acom-iihells  (C'l/Ti'/xv/^jt),  the  lateral  prooeMca  on  the  arms  of 

ClKRirKR«>VK  or  CiRltlOKROOB.     CttrTkinp  cirri. 

CrnucrxDiA,  Cmnuit'Enu.  or  CiRRtiuPo!>A  ilM.  c/rrru.  a  curi;  and  pei,  a 
foot).     A  siih-claAS  or  ('nuiiirta  with  cur)o<i  jointoil  feet. 

CLADOCETtA  {iiT.  lladvj,  a  branch  ;  krriu,  a  hum ).  An  order  of  Cruttacta  iritil 
braoofacd  autcnnie. 

Clavatr  |[jit.  c/(irui,  a  olub).    Chibshnikod. 

Claticlr  (LaL  dnvlatla,  a  little  key).  The  '* collar-bone/'  forming  one  of  tho 
elements  of  the  pe^^toral  nrcb  of  Vertebrates. 

Cloaca  (LaL  a  timk).  Iliu  r.^Wty  into  which  the  intestinal  oanal  and  the 
ducts  of  the  f^nerative  and  urinary  orj^ans  open  In  common,  in  some  In- 
Tertebratea  (f.y.,  in  Insects),  and  also  in  many  V'ortobrate  animals. 

C'LTTKIFORH  (lAt.  iVy/trNj,  a  nhield ;  and  f9>rma,  shape).  Shield-shftpod  ;  ap* 
plied,  for  oxiunple,  to  the  c:»rapBce  of  tiie  King-cmb. 

rxtLKNTKliATA  (Gr.  im'tuf,  hollow;  eulatin,  the  bowel).  The  sub-kingdom 
which  comprises  tho  IfHtiroxod  and  AetinouHi.  Propo«e<l  by  Frcy  and 
Leuckhart  in  plHce  of  the  old  term  Itadiat(t,  which  included  other  animals 
as  well. 

CUCKENCBTM.V  (Gr.  koino*,  common;  enchu-ma,  tuisue,  literally  on  infuiion). 
The  eonimon  calcareous  tiseua  which  unitea  together  tho  various  cornllitea 
of  a  compound  corallum. 

L'»i:?»icn7M  (Gr.  ioinat,  common ;  »>(*Zo5,  hfiuw).  The  entire  dermal  system 
of  any  PotifwoOu.  :  eraployud  in  place  uf  the  tonns  polysoary  or  pol ypidotii. 

Ca:Nt>?ARC  (Gr.  ko\po8,  common ;  itarx,  He«h).  The  common  organised  me- 
dium by  which  the  separate  polypltes  of  a  compound  Hydrozoon  are  eon- 
nectod  toi^etlier. 

CoiJ^-oPiEKA  (Gr  icifO%,  a  fihcath ;  ftfArtm,  wiojr).  Tbe  order  of  Innects 
(Beetles)  in  which  the  antorl-tr  i>air  of  wines  are  hardened,  and  servo  as  pro- 
tective cases  for  the  posterior  pair  of  mumbninous  wings. 
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CoLUBRlJiA  (Lat.  m/»Vr.  a  snake).    A  <liTi«ion  of  the  OpkUtin, 
COLi'MDAOcr  \,\jbX.  fxUuMtm.  A  dove^    Tbo  division  of  KAoorliki  Urdi  «i«i{ir» 

ing^  the  l>o'reB  aDil  INgeottk 
Coi.L'MKl.i.A  (Ldt.  >Um.  of  nt/tffNua,  a  column).     In  CnachuloK7,  the  «tBlnI 

axis  rouod  wbicli  the  whorLt  of  a  spiral  uniralve  aia  wouod.     Amottfil  ci* 

ylcfiAonM,  it  is  tho  control  axis  or  pillar  which  is  {(Mind  io  the  ccotn  of  m* 

tbecK  of  nuLDV  cMmla. 
CoLlMX.     Apf-iieil  to  the  cylindrical  bodf  of  a  Soa'anemoiM  (^tfiai*);  d» 

to  the  joiiite^l  Ktom  or  pcdunole  of  the  stalkttd  Crinoids,, 
CoKcBiTEHA  ^^t  cjnr/iu,  a  sbetl;  Ten},  I  carr?).    Shellfish.    AfiplM  la  • 

rasthoted  aenae  to  tbfl  bivalve  Molluscs,  and  lued  aa  ft  vjnv/ajm  for  LtmiU- 

brantJiititti. 
CoXDTLt  (Or.  hoHthilia,  n  kaucklo).  The  surface  by  whIrJi  one  boo*  artietlai* 

vith  niiutber.     Apf>li«<l  especialljr  to  tbo  artictdor  surfooe  or  wxrfam»  ty 

which  the  ftkull  articulates  with  tho  Tortobrnl  coluinn. 
CoNtnojtTRFj)  ( Ivit.  oiJiiHj,  a  cone ;  nu/rum,  a  beak).    l*he  diri^ioa  of  Pii«fci^ 

Birrls  with  conical  beaks. 
CoPEHJDA  (Gr.  hiptf  an  oar ;  pod<;  feot).     An  order  of  Crtutaet^, 
CoitAOOiD  (Gr.  kimir,  a  crow ;  fUlt^*,  form).     One  of  the  bimea  mWk  Ntn 

into  the  composition  of  the  pectoml  arch  in  Birds.  KcptileS)  aftd  1Im» 

treines.     In  most  Mummfils  it  im  a  mere  proceas  uf  the  sca(»uU,  kavlaf,  a 

nmo,  aoDio  roMOiblMnco  in  e«hape  to  tho  b«ik  of  a  crow. 
CoRALLiGEKOU.i.     PrCNiiiciitx  ii  comllum. 
CoiLxu.iTB.    Tho  comllum  secreted  hy  tm  Actinn:f>6n  whii.'h  consixia  of  aini^ 

polype ;  or  the  |>or1ion  of  a  composite  corailnra  which  bclongi  to,  sad  Is 

secrvted  by,  an  individual  fH)lyp«. 
CoRALtLM  (from  tho  Uitin  for  Kod  Com)).    The  bard  stnicinre*  deposited ii^ 

or  by,  the  tissuCit  of  nii  JrftMOJodn—cominoul/  colled  a  "  coral." 
CoBlAceODS  <Lst.  enrinm,  hide).     Leat.her/. 
CoRYNiDA  (Gr.  koruHf,  a  club).    A  group  of  the  Hrdroid  Zoophyte*,  ao  oilM 

from  their  sometimes  poaseasing  dublwd  tentAcIos. 
COBT£  tLot.  cotta^tk  rib).     AppHod  amon^rst  the  CVtMoWnt  to  d«Bl«iiato  (fas 

rows  of  plates  which  succeed  the  inferior  or  basal  portion  of  the  etip  (p^ 

ns).     Aninn^t  tho   V"rvtU  tho  '^oostn"  are  vertical  rid^ea  whi^fa  tMotf 

on  thii  uulvr  tturJaco  of  the  theoo,  and  mark  the   position  of  the  ■q4a 

within. 
Costal  (Lat  ow/n,  a  rib).     Connected  with  th«  ribs. 
ChaMUM  (Gr.  kraniuH,  the  skull).    The  bony  or  cartilaginous  owa  mvUob 

the  brain  is  oootained. 
Chinuidka  (Gr.  krinon^  a  lily ;  etf/o«.  forml.    An  onler  of  fMiAodlrnB«fii.cQv- 

prisioK  forma  which  are  usually  staUcad,  and  aomctimea  Txnembla  Ulhs  io 

ahape. 
Cbocodilla  (Gr.  kcolodiUoi,  n  crocodile).     An  or<l<:>rof  Reptilos. 
Cu«)SsopTKKYUiDJ£  (Gr.   htistnttn,  a  frinifo ;  ;/f(r/i»x,  a  6n).     A  sub-onfar  ol 

(^noids  in  which  tho  paired  fins  poaseM  a  central  lobo. 
CbusTac'CA  (Lat.  crajt/a^  a  crust).     A  class  of  Articulate  onimolv,  comnislsii 

Cral>s,  Tx>iHitem,  fee,  characteriACfl  hy  the  {tossosaioa  uf  a  html  ausU  or 

crust,  which  they  out  periodically. 
CnYl^<r<iA.Ms  (Gr.  kntfitut,  uocoealed  ;  Sf^ium,  marTia4^).     A  division  ofidsali 

in  which  tho  or^ns  of  reproduction  ore  obeonro  and  there  are  do  tm* 

flawars. 
Ctenoid  (Gr.  <t/<tjr,  a  comb  ;  rulm,  form).     Applied  to  thoae  aealaa  < 

tbohinrjermnr^nsnf  which  ore  fringed  withxpinesoroomlvlik*] 
ClEZeoi'iioKA  (Gr.  htU,  a  comb ;  and  ^<ro,  1  carry).     An  order  of  A* 

oomprisiujr  oceanic  creatures,  which  8wim  by  meaos  of  **  otanopborei.'' 

bonds  of  ciiiA  Arrnngxrtl  in  comb-like  plates. 
CUBflOIUe8(I^t.  cumt,  I  run).     An  onlor  of  -Ir*.*,  comprisiziff  birds  dcstit 

of  the  tmwor  of  flight,  but  formed  for  ruDDin^  rigorously  (^^.»  the  Ost 

and  Emeu). 
CusPtDATR.     Furnished  with  small  pointed  eminenn^  or  "  cospa.' 
CCTICUB  (Lat.  ctUicuhf  diui.  of  cvHis,  ekinj.    Tho  pellicle  which  U 
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<rat«r  layer  of  th«  liody  nmongnt  the  Infttiwia.     Tho  outor  layer  of  the 

IntefTiiiueot  genrmlly. 
ClCLoro  (tir.  JtHi-ttt,  a  cirolo  ;  tidot,  form).     Applied  to  tbo»o  scaleit  of  finhei 

wliicb  Imvo  a  ro^arly  circular  or  elliptical  outline  with  an  even  margin. 
Oi-DMTf.tMi  (<;r.  ki'Hot,  and  4r>ifmt,  month).     !:)Oiiiolimoa  uaod  to  dcaignate 

tbe  Hag-tii*bea  and  LAtnpreyB,  funniu^  tho  order  Miirsip*iftruiicJ*ii. 
VysT  {Or.  liAtia,  a  blnildor  or  hn^).     A  sac  or  veaicle. 
Cisi\>iitK_i,  \\\t.  tktfi*,  a,  bloddor;  and  eiditt,  form).    Aq  extinct  order  of 

KcAini/derttiuta, 

^.SaCArvmk  {Or.  deka^  tea ;  podet^  feet).    The  diriiion  of  C^-udncHt  which  ha^-u 
amUiliitory  feet ;  idso  thu  fatuily  uf  Ciitttu-fbtbeit,  in  which  thero  aio 
arnu}  or  cephalic  procosecs. 
Wprois  tLat.  liu-utu^  I  fall  off>.     Applied  to  parts  which  fall  off  or  are 
khc4l  during  the  life  ol  the  attimal. 
I^rc'utXATr.D  ( Lai.  ttrtvUu,  i  heheiul).    Appliixl  to  univalve  abelU,  tbe  apex  of 
vfaicb  falls  off  in  tbo  course  of  growth. 
[risAtrniA  (Gr.  dty'tt^jo,  terriblo;  mum,  lizard).    An  extinct  order  of  Bop- 

DrKDRiFi^nv,  Dkndritto,  Dhndroid  (Ur.  dtndmn,  a  tree).    Branched  like  a 

trvF,  arl*oreaceot. 
Bbkual  (Gr.  deruiit,  alciu).     Belon^Hng  to  tho  integument 

i  OBBMUiLt^     MJnuto  frusb'Wator  pluotsj  of  a  green  colour,  without  a  sIUmoum 
epiderTnit. 
DKXTUJkL  (ijit  dfjrira,  the  rij^ht  baud).     Ki^hlhanded.     Applied  to  tho  di- 
rection of  tho  fipirul  in  tbe  fronior  number  of  univulve  shctlA. 

II>t*niRAClu  (Or.  diufihrittfmii,  a  imrtition).     The  "  midriff  *  or  tho  muscle 
which  io  J/uiunui/oi  forms  a  partition  botween  the  oimties  of  tbo  thorax 

'       and  ab4lomen. 

pDj&STLMA  iHr.  diUf  apart ;  AUiemi,  to  place).     A  i;np  or  interval,  especially 
hetweeu  teolh. 

|J>fATi>ll.\CP..R  (Or.  duttrmao,  I  sever).     Ad  order  of  minute  plants,  which  are 

I       pmvidf'l  with  siliceous  envelopes. 

^iBKA.NcafATA  (<ir.  du,  twice;  ttra'jchiay   rill).     Tbe  order  of  Cephalopoda 

'       (comprising  tho  Cuttle-fishee,  kc.)  in  whicu  only  two  f^dlls  are  prcAOUt. 

iI>icysoDosTiA  (Gr.  (^f-i,  twioo;  ku*m,  dog;  >/o«i,  tooth).     An  extinct  onier 
of  K«[>tilt><i. 

I  CiDELi'HiA  (t!r.  dit^  twioe ;  d^tphvs^  womb).    Tbe  sulHlirision  of  Mammals 

NcompriiiiD^  the  Marsupials. 
DIT  JLat.  ititfUKtf  a  (iii^er).     A  finger  or  toe. 
nrnuKADA  (IjAt.  tiiiiittu  :  ijnuiiur,  I  walk).    A  subdiviiiion  of  the  Curitimm. 
OITiGtiADK.     Wulk.iu|(  upuu  the  tips  of  tbo  leva,  otid  not  upuu  tbu  soles  of 
thefeut. 
XuiYAHY  (Or.  dU,  twice  ;  mHon,  muscleK     Applied  to  those  biralve  Molluscs 

\SMmftHlnrtR4-Kiii(a)  in  which  the  tdiell  is  cloned  by  two  additctur  muiicleB. 
BlI'BYODuXT  (Gr.  (/w,  twice;  ;jA«tj,  I  truncrale ;  vdvus,  tooth).       Applied  to 

those  Mammabf  which  have  two  sets  of  teeth. 
Dir^oi  (tir,  dk*,  twice;  pnot,  breath).      Tbe  order  of  Fishea  ropresootod  by 

the  L*pidotirfit. 
DircKBA  (Gr.  (/if,  twice  ;  vtetvn,  wing).     An  order  of  Insects  characterised  by 
1       tbo  ponoMion  of  two  win^ni* 

I   Debooio  (Gr.  dixios,  B.  q*ioit ;  tido*,  form),     ishapcd  like  n  round  plate  or 
'      qiioit. 
Dtnooi'BOR.,\  (Gr.  dirimi,  a  quoit;  pArm,  I  carry).     This  term  is  applied  to  the 
Mniunrtt  or  Jelly*rishea,  from  their  form  ;  and  is  sometimes  used  to  denir- 
nato  tbo  order  of  tbo  Lcocbea  {Ilirud\n«a)t  from  tho  auctoriol  dlacs  whiwi 
tiieaa  animals  possess. 
DiBSEflMKNTS  (L^t.  di*»^in,  I  partitinn  off).     Partitions.     Used  in  a  restricted 
•ense  to  designate  certain  imperfect  transverse  partitions,  which  grow  frvm 
the  aeyi/k  of  many  corals. 
DusTAL.     Applied  to  the  tj  nick  ly  •growing  end  of  the  bydroaoma  of  a  J/ifdro- 
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<nAa;  tbe  opposito,  or  "proximal,"  oxtreniitT  f;;roviD|^  leas  nftidlf,  wmt 
heiof^  tbe  end  by  trliicb  tbe  uiyatiism  la  fixed,  when  tUtAcbod  atalL 
DiritKAL  (Lat.  dit*.  day).    AppHed  to  animals  which  are  actir*  4wtas  ll> 

<ia>'. 
DonitAL  (T^t  dttrstiiu,  hack).     Connecicd  with  the  baclL 
DonatBBANC'HiAT^  (l^t.  (Joraum,  tho  bnck  ;  Gr.  braffckia,  gitl).      flavfaf  « 
lemnl  gilla  utiacheil  totbvback  ;  )i{>i>lied  to  certain  jlMUe <*>/*» and  J/cvar^ 
Tho  term  is  of  moDgrul  eompositioDi  and  "  iiou>braDchuit«**  k  MtM  ■» 
rectly  employed. 

BoantODERICATA  (Or.  fchinm;  Rnd  d^rmn,  RkiuK  A  cloaa  of  aslBib  nm- 
prising  tba  Soa-urcbinsj  Star-habca^  and  others,  most  of  vktoh  haw  ^by 
skioi. 

KcRrNOiDEA  (Gr.  echintm;  and  eidai,  form).  An  order  of  £cAi»>o^trmata,  9m- 
prisitiK'  tho  Sea-urchins. 

ECBtNUI.ATK.      P(>S94!8Atl)e  SplDOS. 

£cTt)CYflT  lUr.  il'ioi,  outftide  :  l-v^tit^  a  bladder).    The  external  inffltuaartof 

the  civan^cium  of  a  t'oltftoOn. 
EoToDKRM  (Gr.  obof,  and  dervia,  akiD).     Tbe  external  mUiguaM&tafy  byeri4 

tbe  Calmferaia-. 
Edentata  (Lat  c,  without;  d*ni,  tooth).     An  order  of  Mammati^clliA 

called  Bi'nUi. 
Edkntulol's.      ToothlcM,  without  any  dental  appwatoa.     Applied  ta  U> 

mouth  of  nny  animal,  or  to  tho  bintre  of  tbe  bintlfe  MuUuaoa. 
EltiUiii'irruAUiATA  (Gr.  /t^imioi,  aittlng;  VfthtAa/mot,  tj»).     Tbe  dhiito 

of  Cnutaeta  in  which  tbe  cyea  are  MHile^  and  are  not  nipported  ^m 

stalka. 
KLASMOBRANcnii  {Gr.  eltitnui,  a  p1at«;  Inxt^jihiiij  gill).      An  order  of  1\Ah, 

includiiiiT  the  Sbnrka  nnd  Kaye, 
Elttra  (Gr.  ttutrmv^  a  ahoatb).     Tho  chitiuous  anterior  piir  cd  wiap  is 

Bw'tlcd,  which  fi>nn  camsh  for  the  postrricir  meinhranona  wia^     Alau  ■}> 

plied  tu  the  schIl**  ur  platoa  on  the  Imi-k  uf  the  Ut.>a  moiwe  (.InArvftrrX 
Emuhyu  (Or.  en.  In ;  &ruo,  I  swell).      Tbe  earliest  utage  at  wbioh  tbe  ymi| 

aninml  \%  recognisable  in  tbe  imprecated  orura. 
EKaLIOSaURIa  (Gr.  enalitM,  marine  ;  javm,  Itsnrd).     Sometimes  employe^)  it 

a  common  term  to  designate  the  extinct  Reptilian  ordera  of  the  ittdk^mmn 

and  PUtioiitufia, 
EncepraluI-ih  (Gr.  en^  in ;  irphaU^  the  bead),     roesessing  a  diatioet  hai 

UHually  applied  to  all  tliu  iloltitaca  propi^r,  except  tho  LavydlSbrmtkkkL 
ENDorTiiT  (Gr.  fiuhn^  witliin  ;  kusiiSf  a  ha^j.      The  inner  membrana  or  )»• 

iogURientiiry  layor  of  a  PofifzoGn,     In  CrufattUa,  where  there  ii  oo  "aoto- 

cyst,"  tho  endocynt  oonstitutvs  tho  entire  iiito^imeut. 
EnuoiiERM  (Gr.  ttCdon;  aiid  <Urmay  akin;.     The  inner  tDtetpimentarj  lajor  irf 

tho  CtrUntfstlta. 

ENiforftniTK  (Gr.  endon  ;  and  noiu,  fool),     Tlie  inner  of  the  two  aeaendiry 

joints  into  which  the  typical  limb  nf  a  Cruttacmu  is  ilividod.   - 
Enuobkelbtok  (Gr.  citdoN;  and  tttUlm,  dry).    The  int«mul  hard  straciom, 

such  as  bones^  which  aenre  for  the  atiaohment  of  niuBcIos,  ur  the  pmae> 

tioii  uf  or^iLns,  and  which  are  not  a  mere  hordening^  of  the  integraacil 
E.'<8iFf>it>i  (Lilt.  f7Mt>,  a  Hwonl ;  ftmna,  aba|w).     Swunl-f>bH[>ed. 
Emtouophaqa  <Qr.  aUoma,  iuseottf  ;  pfutffo,  I  eat).     A  secttou  of  the  Slano- 

pialia. 
Entomobtiuca  (Or.  rtttnmaf  insects ;   ru^mi^OH,  a  shell),      literally  ShitM 

Insects,  applied  to  a  division  otCrtutaeea, 
Ehtoboa  (Gr.  tntitg,  within  ;  soOh,  animal).     Animals  which  are  p«fwlU«  ia 

tbe  interior  o(  other  animals. 
EocFNK  (Or.  tot,  ilnwn  ;  lainot,  new  or  r4^cent).     The  toweat  diviiica  et  tlM 

Tertiary  Rocks,  iu  which  species  of  exiatiog  ■holla  aro  to  a  snioU  exicol 

representoii. 
EnpEHHis  (Or.  epu  upon ;  dermti,  tbe  true  skin).    Tbe  outer  Doo-mcakr 

layor  of  the  akin,  often  <»llod  tho  acnrf-akln  or  tutide. 
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Smcnu  (Or.  tpC,  npon ;  mtron,  thig^h).     The  tAteral  pleoM  of  the  domJ  aro 

of  tho  stimito  of  n  CS-u§toceti%. 
Eriix>tii\  (Gr.  f/M,  upon  ;  yout,  the  foot).     HiitcoUr  lobei  cloTelop«d  from 

thn  l.iU>ni]  and  upper  Hurfaeea  of  iho  "  foot"  of  Mtne  i4ttHiuc$. 
EPiii:>Di'rF:  (Gr.  </<i',  upon :  fX'tu,  foot».      A  proceaa  developoil  upon  the  bftwU 

Joint,  or  "  nrotof>oait«,"  of  some  of  the  limlui  of  certAin  Criutttrrxt, 
KrisTEUNA  iGr.  ffn.  Upon;  tteruot*,  tho  broast-bone).     Tb«  hiteml  plACM  of 

th«  ioforior  or  vontml  arc  of  tbo  Hotnito  of  «  CntMaetnn, 
£ri£rr<iMK  (Or.  epi :  and  sto>nay  mouih),      A  valre-liko  organ  which  nrobes 

OTor  tho  mouth  in  certain  of  the  Pofn/iiiO, 
KriTurGA  (Gr.  fpi ;  and  fArit,  a  xheatb^.      A  oontiniions  lajer  mrrouiidtng 

the  tbocfl.'  m  some  Corals  exteraally. 
Eftkoa  {Ut.  fiiif  upon;  fotfri^  animal).      Animals  wliich  aro  parafliito  upon 

other  animius.     In  a  reatnctod  aenM,  a  diviaioD  of  Cnutacta  which  are 

ponuitic  upon  fifth««. 
{  BQcm.ATKRAt.  (Uit.   a'piiai,  «qual ;    lafuSf  aide).      Harinf^  ita  tidM  aqufll. 

Umially  aitpliwl  to  the  nbellfi  of  tbo  UraeAwpotin.      When  applied  to  tho 

•piral  tthells  of  tho  Forttmini/era,  it  moana  tliat  all  the  oonrolutlona  of  tbo 

riiell  lie  in  the  imiiio  plane. 
BQCIhctacka  tLat.  ffvus,  bono;  »<ia,  brittle).     A  group  of  Cryptogamoua 

plaoU,  commonly  known  as  **  Horse-tails." 
Equitalvb  (Lat.  trquvt,  erjual;   im/vv^,  fnldinj^-doors).      Applied  to  aholls 

which  are  composed  of  two  equal  fii^coa  or  ralTCR. 
Krrantia  (Lat.  rrm,  I  wander).     An  unlur  of  A  untlidn,  often  called  ymUle^t^ 

diatiti^uiflbod  by  their  grvat  looomutlvo  powcm. 
firRTrTKiiiDA  (Gr.  curuB,  broad;  jHervii,  wing).     An  extinct  sub-order  of 

KoroDlTE  (Or.  cro,  outside ;  po*i^,  foot).      The  outer  of  the  two  secondary 
joints  into  which  the  typical  limb  of  a  CnulaeM»  is  dirided. 
EOSKBLFMN  tOr.  cxo,  outsido ;  tlrfetoj,  dry.    The  oxtemol  skoloton,  which 
ifl  conntitiitcd  by  a  hardening  of  the  iuteguroeut,  and  ia  often  colled  a 
"  dermoBkeleton . " 


'A»CtcviJiTED{Xjnt./iueiculut,  A  btindle]. 

'aVKa  (LaL  Fauni,  the  nirol  deities  of  the  Etumans). 


Armnged  in  bnndlea. 

The  geneml  ansem- 

blaf^  of  the  Aninialii  of  any  ivgion  or  district. 
ntmiK.    The  thii;h-bono,  intenrening  between  tbo  j^telris  nod  the  bones  of 

(be  let?  proper  {tihin  nadjUmia). 
ynttt^  [Liii.  A  l>roi*ch).     Tbo  outermost  of  the  two  boncss  of  tho  leg  In  tho 

higher  rr(Y(Ar<*/rt  ;  corresponding  to  tho  ufna  of  the  for«-arm. 
TtUtcvx  ( Lat.  nlix,  a.  fern).     The  order  of  Cryptv^mic  plants  comprising  the 

Ferntt. 
FUJFQBU  (Lat.  Jiiam,  a  thread  ;  forma,  shape).     Threofl-iihapod. 
FlMio;!  (Lat./'w/»,  I  cloavo).      AIulLipIioaUon  by  monns  of  a  prooees  of  self- 
division. 
FlBBiKinoi  s(Lat.;fft(fo.-  and/xin'o,  I  produoe).     Giving  orii^n  to  fresh  struc< 

turea  by  a  process  uf  fiMiun. 
ftjO^A  I  l^t.  Fiont,  the  goddcHs  of  flowets).      The  general  assemblage  of  iho 

plaota  of  any  rt>ginn  or  diMtrict. 
nDOT-JAWS.    Tho  limbs  of  Crs^iinra,  which  are  mwlifiod  to  subeervo  mastica- 
tion. 
plfMyr-SKCRrnoN.      The  torm  A[>i>licd  by  Mr  Dana  to  the  aclerobasio  coraUum 

of  certain  Acfiito:rMt. 
FooT-Ti  BKUCU.S.     The  unarticulaled  appendagee  of  the  Aruulidaf  ofbeo 

callcl  t>arapi>dia. 
KOH.oilM»'KH  \  (  LaX,/itramm,  an  aperturo  ;  /rm,  I  carry).     An  order  of  /*n> 

l^cnu,   usually   characterised  by  tho  ixMiauasiDn  of  a  shell   peKormted  by 

Dumcmu^  pseudopodial  apertures. 
FBi-'Givi>B<n:fi  (LAt./nf^,  fhjit ;  pon>,  I  devour).     Living  upon  fruits. 
PcculDS  (Lat.  /umi,  sea-weed;  Gr.  euioi,  likeneas).      Foasila,  often  of  an 

obaoure  nature^  beliered  to  bo  the  remains  of  sea-weeds. 
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FuRCULrM  or  FuncrLA  (Lat  dim.  of/uira,  a  fork*.  Tlia  **  ntinylJhai^l  * 
of  birds^  or  tbo  V-fthnpctl  bono  fomieri  by  the  united  clnvirtoi. 

Fi'siFoitM  {IM.  fu»9Ji,  K  «|itadle;  and  ybnwi,  thapft).  8plndl»-«h^i*l,  m 
poiotcd  at  botii  oa  Js. 

Oalunacu  (LaL  ffallifta,  n  fowU.      BomotimcR  appb'cd  to  ibe  «bol«  aH««l 

thfi  RoHTkriAi  Birds,  but  i>ro|^»orly  rmUicted  tn  Hint  nectioa  of  Iht  uvdvof 

which  tlitt  common  Fowl  is  a  typical  exnmple. 
GAHaMON  (Gr.  fftiggli^n,  a  knot).      A  mou  of  nerroiu  matter  oatAMkdt$ 

Deno-ccllfl,  and  g-iving;  origin  to  nnrve-tihrei. 
GANOIb  (Gr.  ;/(rii(w.  splontloiir.  hnelitncss).     Applied  to  tboM  KalMor  [klita 

which  ore  c(jm]>osed  of  au  itiforiur  layer  of  inae  bone  covetvl  by  a  tuj^nn 

biyor  of  poliHbod  ctinme). 
Oanoidei.     Au  order  of  Kishea. 
Gastkrhpoda  (Or.  t)HMtrr,  stomach;  /jo«j,  footK      The  rlfl»H  of  !be  M«lf%wt 

oompri«itif>-  the  unliiiiirj  luiivalveH,  in  which  locomntion  i*  uniftlly  HNdol 

by  a  miiiicular  ezpnnslon  of  the  uuder  nurfooo  of  the  Wnly  UJie  "  luuC'"!. 
Okhhx  (jTeMAm,  abud).    Tbo  buds  produood  by  oxi}  animal,  wheibvMaM 

ornot. 
OkmuatioN.     The  procow  of  producing,'  new  stnioturec  by  hnddin^, 
6£uuirARocs(]..at.  jftmma,  a  hud  ;  ptm'o,  I  produoe).     Uiring  ongtatoai* 

structures  by  a  proceea  of  budding. 
GEi'HTRtL\  (Or.  t/fphttni,  (ibridgcl.     A  clam  of  the  A uartMrcfotltt,  QOVf«Ui| 

the  Spoon-wormn  i^Sijiuuculiu)  and  tboir  allien, 
Giz/.Aitn.     A  muAcular  divUion  of  tbo  stomach  in  Birds.  InseeU.  Ac 
OlJtDicB  (Lat.  a  Rwurd).      Applied  to  the  bomy  eudosKolcton  or  *'p«"  «f 

certain  Cuttle- fishoa. 
Glenoid  (Or.  t/iru^,  a  caWty ;  «id/n,  form).     A  Bhallnw  oavity ;  applied  ttf^ 

cially  to  tlio  iibiilUiw  articular  otvity  in  the  should  or- bind*  to  vhioh  tba 

head  of  thtj  humerus  w  jointed. 
OitAi.i^TuHEa  I  Lat.  ttraita,  stUtB).     The  order  of  tb«  long-legged  Wsftsv 

Birds, 
OltAiToL[TTD£  (Gr.  yia^Ao,  I  write ;  fifhM,  stonct.      An  eitinet  uib-clwa  of 

the  //i/(fn:uu. 

GiiKu.vuiMirA  ^Lat.^rf^rtu->,  occurring  in  numbers  together).    Acbue  of  tbe 

/•ro/fijod. 
OtTAiU>.     Tho  cylindrical  6broufl  thealh  with  which  the  internal  cbambiml 

nholl  (phmgmncouc)  of  a  iitUmn'tl^  is  protectfHl. 
GTJtMH^MATA  <(ir.  f/tiiHHift,  naked;  Uxiwn,  tbo  throat).     An  ot'Icf  «f  tfc* 

J'utitzna  iu  which  the  mouth  ia  devoid  of  the  ralTuIor  structani  kouwuu 

the  ''opist^ime." 
OTUNoi-HiUNA  (Gr.  ifumnoB,  naked;  opkit,  a  snake).      Tho  order  of  t&e.4» 

jJii/iin  cunipriaing  the  snukL^'Iiku  CftcHitr. 
GTMNontTHALSiATA  iGr.  o^^mtt'j*  X  and  ou/iifiofmof,  the  eyeK     Applied  by  I 

ward  Korl>ca  to  thuso  Sfednjur  in  which  tho  cyo-speclcB  at  the  uaryta  of 

disc  are  uuprott^cted.     The  division  is  nnw  abaodoni^d. 
Gyu»08ouaTa  (Gr.  y*(m>»«;  and  (riwid,  tho  body).      The  order  of 

iu  which  the  body  is  nut  prutactod  by  a  shell. 


Hallux  (Ukt.  tiflex,  the  thumb  or  great  toe).     The  uuiennoet  of  the 

digits  which  nomiolly  compow  the  Mnd  foot  of  a  Vertebrate  animal. 

man,  the  great  toe. 
HfiUiPTEOA  <  Or.  htmi ;  and  ptcron,  wingV     An  order  of  Inaectc  In  wlijeli 

BOteriur  wings  are  sometimes  "  hemelytra." 
HERMAPHliODlTK(Gr.  Ifermef,  Mercury;  .-(/»A/w/»V#,  Venus),     Posseinloff  tb 

characters  of  both  sexos  combined. 
Ueterockhcal  (Or.  fictetvt,  divonie ;   hrJtvs,  tail.)     Applio-l  bi  the  csil  cf 

Fishofl  when  it  xt  unsymmetrical,  or  composed  of  two  uncqunl  tnlte*. 
JSmcBOroDA  (Gr.  hrUim,  diversu  ;  jumI-s,  feet).     An  al^rrant  group  of 

GiiatenJpods,  lo  wMch  the  foot  is  modified  so  aa  to  form  a  swi 

organ. 
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BtRUPllfEA  (L«it.  hirudOf  a  horse-leech).    The  order  of  AnHtiida  oomprialng 

ihe  ljC«ch(*s. 
Histology  ((>r.  AiW^*,  a  weh :  io^,  a  discourso).     'fho  study  of  the  tissues, 

ruoi'o  efi|keL>ially  of  tlie  iiiiniiter  olementit  of  the  body. 
Hiit.'it  KrliAT.l  ((ir.  hoUt$,  whole;  krphatt^  head).     A  sub-order  of  the  EUumo- 

h,,t„rhii  compriHiD^f  the  Ckimara. 
Ht riDhTOMATA  ((.Jr.  A'»A«*»  whole  ; stoma,  mouth).     A  division  of  Oasftropodour 

.\f..,'fiim:t,  in  which  the  Aperture  of  the  nhell  is  ronndtid,  ur  "  entire." 
11<  ii-Mim  itiiii>»:A  (Or.  fiotothvuriou.  ;  oad  tiduj,  form).     An  order  of  EdtimytUr- 

huff't  comprisiDgthoTrepnugB. 
UoMucKRCAL  (Gr.  homo*,  same;  herhot,  toil).    Applied  to  the  tail  of  Fi&hea 

when  it  is  symmetncnl,  or  corupo(w.*d  of  two  equal  lobes. 
HoMi'l.<.iGorB  (Gr.  htnnos :  ond  loijia,  a  diftcourwl.     Applied  to  parts  which 

are  conatntcted  upuu  the  sanio  tiiudanioatal  plan. 
HuMKiLi'S.     The  bono  of  tbo  upper  nm:  {ln\tckinm)  in  the  VortobmtaB. 
Htaf.ine  (Gr.  hunhui.  cryBtoll.     Crystnllitio  or  gla*wy. 
Htbodonts  (Gr.  hnUiu,  curved;  vdouA,  tioth).     A  bT<»"P  of  Fishes  of  which 

Jtit'-odtiS  is  the  type-gonus. 
Htdkoilia  (Or.  Jnitirn  ;  and  eidot,  formW      The  sub-clans  of  the  Htfdrozoa, 

which  comprises  the  aniiDA]»  mmX  nearly  allied  to  tbo  Jfydm. 
HTrnoTUECA  (Gr.  hudm  ;  and  thrkf,  a  case).     The  liltlu'cbitinoui  ctipe  ia 

wbioli  the  polypites  of  the  Sertniurtda  and  Camjxtuulnrida  are  protected. 
Htdho/oa  (Gr.   ftudra ;  and  M<fH,  animaU.     The  olius  of    the  fuUnterata 

which  compriaca  atiimals  couatructcd  after  the  type  uf  the  Hydra. 
HYMK-NOrTEBA  (liT.  humm^  a  membrane  ;  p/^rj-on/a  wing).     An  order  of  In- 

•«cta  (euutpri<iiQK  Ikca,  Ante,  J^c.)  cbaracterised  by  the  posaewuoD  of  four 

membrnnuiis  wines. 
Hyoid  (Gr.  V ;  tido*,  form).     The  bone  which  supports  the  tongue  in  Ver- 

tebratoA,  and  derives  its  nnmo  frdm  its  rcaemblaiice  in  man  to  the  Greek 

letter  U. 
HTinj.'^TOMc  (Gr.  Auyw.  umler;  ttomn^  mouth).     The  upper  lip,  or  "  labrum/* 

of  certain  VruMaeta  {t.g.,  TriUibitesl. 
nTItACOihP-A  (Gr.  hurax,  a  Khrow ;  dtloa,  formV     An  order  of  the  Mammalia 

coastJtute>i  fur  the  rocepUun  of  the  single  gouus  Hyrax. 

IcoTnTODORL'LiTB  (Gr.  ichthuM,  fish  ;  dorus,  ipear ;  lithogf  stone).    The  foasU 

fjn-«pihe?(  of  Fishes, 
IcHTHYoMuUfHA  (Gr    tcMliua  :   morDKe,  altniie).     An  order  of  Amphibians, 

often  calle<l  fntdela,  ooinprisiug  tae  fishOike  Kewta,  &c. 
IcHTHYOi'HTaiRA  (Gr.  ickthttt ;  ;>/>fArt'rr  u  louso).     Ad  order  of  CVtu6i«ea  com* 

jin-tiii^v'  .'Lninialx  which  are  jianLsitio  upon  Finhes. 
ICHTnYOittiOA  (Gr.   ifftthut ;   outis,    appearance).      The  primary  diriaioD  of 
Vti-Uhrata^  comprising  the  Fuhoa  and  Amphibia,     Often  spoken  of  as  the 

ICUTdvoPIFitvou  (Gr,  irhtfiuA;  ffi-yur,  wing).     An  extinct  order  of  Reptiles. 
It'HTHVOSAl-  IMA  ((Jr.  irhlhuf  ;  Kumrn,  \'\ti\n\\.    Hynou_viiH)US  with  Ir/ii/tiff't>f^rVtfiii. 

luiii.  The  hauneb-b<inc,  one  of  the  bone«  of  the  pelvic  Hrcb  in  the  hig^her 
Vertebrates. 

Ikauo  ( Lat.  an  image  or  apparition).  The  perfect  iDsect,  after  it  has  under* 
gone  its  motamorphoiwit. 

Imbiucatko.     Applied  to  Mcales  or  plates  which  overlap  one  another  like  tiles. 

l2(cnoK(Lat.  inmin,  I  cut).  The  cutting  t«eth  fixed  \t\  the  intermaxilhiry 
bonej  of  the  MainmtiHa,  and  the  corresponding  teeth  in  the  lower  jaw. 

l5YQl7lLATi:RAl^  Having  the  two  aides  unequal,  as  in  the  caae  of  the  ahella 
of  the  ordiuary  bivHlves  {LanuHHrranchvtta).  When  applied  to  the  shells 
of  the  FortimiHi/f-i-a,  it  Implies  that  the  cocvoliitions  of  the  shell  do  not  lie 
in  the  same  plane,  but  are  obliquely  wound  round  an  axiit. 

lvi  .,r  ivAivE.     t'onipciAed  of  two  unequal  pieces  or  valves. 
J        Im  I  NDiarLCM  (Lrfit..  for  funnel),      "inie  tul»o  formed  by  the  eoalesoence  or 

L.«Pfrf.«ition  of  tbe  epi|-H)dia  in  the  Cephaiopoda,     Commonly  termed  the 
"funnel,"  or  "siphon." 
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I.NFrsoRiA  (Lat>  in/imtm,  an  InfuMon).     A  cImi  of  Pntoaot^m  adl*IW- 

cniiM  they  are  often  dovelopod  Id  or^fanic  infusiona. 
lN(»ri<RC0LATA   (Lat.   ill,  without;  opfrctilum,  m  lid).     The  iliritioa  e(n^ 

luouate  fjttrfpr'jfMki'i  in  which  there  is  do  tbelly  or  homy  plate  ii»(i«vai4BBt 

by  wliicfa  thu  flhuU  tx  closed  wh«n  lb«  ttuiuml  i>  «rttb<lni«ii  wtUnn  it 
Ins'ecta  (LaI.  in/vrn,  ]  out  iDto).    Tbo  olui  of  ortioulotc  smmiii 

known  as  Inflects. 
IxsEcnviiRA  (Lot.    tjMvr/uM,   nn  insect;    torr>,    I    devour).     An  ik^  ti 

Mammals. 
iNSECTivtiitucs.     Living:  npoD  Tnsoota. 
InsEssuBES  (Lat.  inxedeu,  I  sit  upon).    I'lio  order  of  the  Perehbff  Btrdi^  ilUi 

called  Pia»erfj. 
iNTERAUBrLAORA.      Thu  rnw<;  nf  plnt«fi  in  nn  Erhintflcrm   which  kn  Hi |v- 

forated  for  the  emi»M«>n  cf  the  *'  tulie-foet," 
IiTTERMAXlu^,  or  l'Ri£M\xiLi..e.     The  two  honos  which  nro  ntaJOsd  btln« 

the  two  superior  maxitlit)  in  Vtriehrnia.     In  man ^  and  •otn*  monlu^Ue 

pnemaxiUieaachytnso  with  the  nmxillio,  ho  ac  to  bo  irrocogniMlile  b  l^i 

Hdult. 

LwKitTKBRATA  (Lnt  w<.  witbont  J  wriAra,  %  bone  of  the  baiA).    taimk 

without  a  spinal  oolumn  or  baokDone. 
Ischium  ^tir.  itchion,  the  hip).    One  of  the  bones  of  the  pelric  ftrob  in  V«n»> 

bratee. 
TiSOPUDA  (Gr.  -imiif  oqiml ;  poftrs,  feet).     An  order  of  Otutacta  to  wbici  tht 

foot  aro  like  one  onoihor  and  equal. 

JdgulaH  (Lat.  jvyHlum,  the  thivnt^  Connected  with,  or  placed  upon,  iU 
throat.  Applied  tu  the  ventral  Ana  of  fishes  when  they  ore  placed  hnftMh 
or  in  odrouce  of  the  poetoraltt. 

KaDIozoic  (Gr.  tiiitityt,  recent;  zw,  life*.     The  Tertiary  period  in  Oeolcfy. 

coDiprising  thoHO  fonsntionfl  in  which  the  org^io  rvtnaina  approxlstls 

more  or  1cm  closely  to  the  cxiflting  fauna  and  flura. 
KEBaTODB  (Ur.  hrrojt,  horn  ;  >  tV/^ui,  lurm).     The  homy  BabstEDOe  of  wliieh  tkt 

fikeleton  of  many  vpongen  Is  made  up. 
Krratosa.    Thedinflioo  of  Hponges  in  which  the  Bkeleton  U  ooib| 

kormtodd. 

LABitTM  (LaL  for  lip).     Rostriclod  to  the  lower  Up  of  Articiluto  /ini 
Lauhum  I  Lnt.  fur  lip).     HDfltrit:t«<l  to  tha  upper  Up  of  Arrirulate  ami 
Labyuintuudontia  jCJr.  M-nrinthoa,  a  lahyrmlh  ;  frfwoj.  tvoth).     An 

order  of  A  Mphtbia,  90  called  from  the  complex  mioroaoupio  •tmctorrl 

the  teeth. 
Lacektiua  (LAt.  facertat  a  lirard).     An  order  of  ReptUia  ooinprwaf 

Lisorda  and  Slow-wonufi. 
L£HOD[PODA  (Gr.  laimos,  throat;  du,  Vkico ; podcs,  feet).     An  on)drof 

tacta,  10  called  becanso  they  have  two  feet  placed  far  forwards,  as  it  vm, 

under  the  throat. 
Laublmbilixcbiata  (Lat.  iamrUa,  a  plate  ;  Or.  hrag^M^t  ^11).     TbaelaMof 

Mtii/uMca,  comprising  the  ordinary  bivalvoH,  characterised  by  the  pomtmim 

of  lamolInrgillM. 
Lameixi  uusthks  (Lat.  iametla,  a  plate ;  roffnrm,  besk).  -The  flat-billed  8w^ 

minis  Binls  (Xa/atoru),  auoh  as  Daoki,  Geese.  Swans,  &o. 
Lauva  (Lat.  a  mnsk).    The  inivect  in  its  6rat  sta^  after  its  emorgvaoe  froa 

the  efrg,  when  it  is  usually  very  different  from  the  adult. 
Laktitx.     Tho  upper  part  of  the  windpipe,  fonuinj;  a  cavity  with  appropritts 

muscles  and  cariilo^es,  situntod  beneath  tho  fayoid  boue,  and  oonotrMd  U 

MammnlR  in  the  produotion  of  rooal  so'inds. 
LtKTiL'Ui.AR  <  l^t.  leMf  a  bean).     Hhaped  like  a  biconvez  leu. 
Lll'nx>OKNl>ituN  (Gr.  tffnt,  a  scale;  dtntltim,  a  tree).     A  genus  of  extiDd 

planta,  »o  named  from  the  scale*Uke  scon  upon  the  stem  Inl  by  tbeffeUiai 

oflT  of  tho  leaTOB. 
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3U  (Or.  Upii,  a  aoalo ;  vitron,  «  wias).     An  order  of  InwoU,  ooin- 

3utterfiioc  and  Moths,  cnaracteriiied  by  poseetalng  foitr  wings  which 

illv  coTered  with  mlnuio  aoateii. 

(Gr.  ItpUy  a  Boalot.     Formorly  applied  to  the  order  Dipnoi,  ooo- 

thc  Mud-fishes  {Lcyidtmrtn). 

:?IA  (Gr.  tqao*^  slondor,  stnsll ;  cantia,  hoart).    The  name  given  by 

o  the  order  of  Fiahes  oompriaing  the  Idinoclot,  now  called  J'/utryn- 

iL 

ttR  <0r.   lopkat,  B  crest ;  and  phrro,  I  carry).     The  disc  or  atoge 

licb  the  toutacloa  of  tho  Pul^swt  are  borue. 

LtPA  (Gr.  hphouro*t  having  stiff  hairs  ;  and  podts,  feet).    A  loction 

UUk 

p[^at.  tnrira,  a  ciiira^Kl.     The  diviKian  nf  Rontileii  compriKing  the 
and  CV(icp(/iVia,  in  whiob  bony  plates  are  aovelupud  iu  tha  skia 

IDA  (Lat.  iiuTTNa,  a  lamp).     An  nrdor  of  the  Ilifdroxoa, 

^t,  litmbM,  Join).     C<innc>ct«d  with  the  Joins. 

At.  /Nua,  moon).     Crcscentic  in  sbapei 

.CKJS  (Gr.  inptyt,  a  wolf ;  pon*,  foot),     The  group  of  Cryptogamio 

meraUy  ksown  as  "  Club-mossoa." 

(Or.  maJtrof,  long;  onra,  tail).   A  tribe  of  Decapod  Crvstaoeanswith 

■  i*.g.f  the  Lobster,  Shrimp.  &c.) 

iiFDBii.     Perforated  with  Bmnll  holes,  like  a  coral :  applied  t't  the 

by  which  the  nmbtilacral  syaltim  of  tlie  Mcfiinodrrms  mostjy  com- 
3S  wttli  the  L'xtt'riiir. 

RACA  (Gr.  ynahti-rts,  nuft ;  Oftralym,  Hholl),  A  divinon  of  Orvttaefa. 
\y  applied  by  Aristotle  to  the  entire  oloas  Crtulacca,  because  their 
tro  Mofior  than  thotte  of  the  Moflutca. 

.  iljat,  MUNtrnu,  the  breast).  The  oIom  of  Vertebrate  animala  whioh 
leir  young. 

(Lat,  manfiihviHmt  a  jaw).  The  nppor  pair  of  jaws  in  Insects  ; 
liod  to  one  of  the  pairs  of  jaws  ia  Cru^tacta  uiid  Spiders,  to  tho  beak 
Jmtods,  the  lower  jaw  of  Vertebrates,  kc. 

The  external  inii-guuient  of  most  of  tho  MoUusca,  which  is  largely 
d,  and  fnrms  n  doak  in  which  the  \iscera  are  protected.  Tochnf- 
led  tho  "  pallium. " 

it.  tho  hand).     The  hand  of  the  higher  Vertebrates. 
tANcnii   |Gr.    marrijMiM,  0   pouch  ;  tra^iAi'n,   gilO.     The  order  of 
>mprising  the  Hag-nshus  and  Lauipreys,  with  pouob-like  gills. 
UA  (Lat.  maraupium,  a  pouch).    An  order  of  MnmmoU  in  which  tho 
monly  hare  an  abdominal  jKiuch  in  whioh  the  young  are  carried. 
iRY  (Lat.  wttUifo,  I  chew).     Applied  to  parbi  sdapted  for  chewing. 
(l^t.  jaws).     The  inferior  jmir  or  paini  of  jaws  in  tho  A  rOiropoda 

Crustoooa,  ^o.)    Tho  upper  jaw  Iwnoa  of  Vcrtebratea. 
an  (LAt.  mnxilttTt  jaws ;  pet,  the  foot).     The  limbs  in  Cnutacra 
inpoan  which  are  ooovertea  into  masticatory  organs,  and  are  com* 
Jleil  "footjawa." 

Lat.  marrow).  Applied  to  the  marrow  of  bonea  j  or  to  the  spinal 
h  or  without  the  adjective  "ipind/ur." 

An  onler  of  Hi^fm-tM,  commonly  known  as  Jelly-fishea  (Ditiah 

*  AcalffiJnr),  so  called  because  of  the  rcaemblanoe  of  their  tentacles 
oaky  liair  of  the  Uedusa.  liuiy  Mvim$c$  ara  now  known  to  be 
ha  gonopborea  of  Hydrosoa, 

kTA  (Or.  miTon.,  thigh  ;  atonuif  mouth).    An  order  of  Cnuta/va  In 

•  ai^odagas  whioh  aro  placed  round  the  mouth,  and  which  offi- 
Jaws,  bav«  ihoir  frea  exiremities  deTelopod  into  walking  or  pre- 
rgans. 

XS  (Or.  SWAM,  intermediate ;  ehteroit,  intestine).  In  a  restricted 
e  vertical  plates  wliioh  divide  the  aomatiu  cavity  of  a  Sea'aoemoue 
into  chambers. 
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Mkkopooivu  (Or.  flWJ(u,  middle ;  potUf  foot).    Tht  mkldU  panitm  of  tb 

•'  foot*  of  MollnsM. 
UciiosreRN'MM    ((jr.    uw»om,  intermeiliiite  ;    ri^rhtui,  1h«  bnMct'booei.     tlit 

niiilillo  [Mtrtion  nf  tho  Htanuini,  iiiU>rvctiinK  Lietwc«ci  the  AttAchamt  vl  tU 

socuiid  pair  of  ribs  and  tha  xipboid  cortiUi^  ixipKi^trnumi. 
MFSumoRAX  (Gr.  moos;  and  lAorajCi  tho  cheat;.    T1k«  mUldto  nag  ati^ 

thorax  in  Intteots. 
Mraozoic  {Gr.  ittrtft* :  and  :«e,  life).    Tbe  SecoDdiiry  poriod  In  Goolon. 
MrrACAKi't  8  ((ir.  im /u,  aftcT  ;  iitrjM>*,  tht!  wrixti.     Tlio  bonat  nhkb  lamlk 

"  riKit  of  tho  hand,"  and  intervene  between  tbe  wrUt  ami  tha  finffm. 
MKTAMoitFHDaiA  (Or.  luc/ii,  implying  chnnfie ;  mm-pAt,  ahup^).    1^  rhM|j| 

uf  form  wliich  certain  animnU  uudorg-o  in  pairainji^  fn>m  tlieir  jounf  w 

their  fully-ifrown  ctiudition. 
MsTAroPitM  (Gr.  'hW^j,  nftor:  ;M«i,  tlic  f'^ol).    The  posterior  lob«aflWlMi 

in  Mfltujirti :  often  called  the  "  operculigerotu  lobe/'  becauM  il  iimhp 

tho  ojkerculnm  whan  thiis  structure  \»  prvMont, 
MtTA8ToMA  lOr.   m«/a,  after;  tttum,  mouth).     The  pUta  which  ckatt  |fe 

mouth  poHteriorly  in  the  t'iHjttar*a. 
MetataRbcs  (Gr.  vtefa,  aft«r;  ftt>-*0M,  tUo  iostep).    Tbe  booa*  whkh  ]aam* 

rone  beiweou  the  bones  of  tbe  uikle  {larsiu}  and  tbe  riigita  in  tbe  faud-M 

of  the  hi)^'h»r  Vertebrate*. 
MktathoRax  (Or.  tnfta,  after ;  thorax,  the  oheet).     Tbe  postarior  ritty  of  lb 

thorax  in  Insccta. 
AIiMiTir  (Or.  mi'mt!lU-/it,  itnitattve).     Applied  to  ort^nn  or  ftnintftli  ahwb  t> 

Kumble  each  other  in  exterml  appcnmnce,  but  not  in  esiiential  ttrurijirr 
M01.AIIN  <Ijit.  mol'i,  a  mill).     Tht*  "^rindvr*"  in  man.  or  the  teeth  iodtpti^ 

doDt  MrutimaU  which  are  not  preceded  hy  n)ilk-t<;eth. 
MoLl.oSL'A  (I-^t.  m'iUi*,  ftofl).     The  stib-kinffdnm  which  incltidae  the  Shaft- 

fifeli  proper,  the  /Vynwi,  tbe  TuttioiUi,  and  the  I^amp-ttbelU;  to  oklUdthtt 

tbe  p-uemlly  soft  nature  of  their  bodies. 
MoLLrst'oiOA  iMothti'Ki;  Gr.  eid-tg,  forra't.    The  lover  division  of  the  ifi^/«itt, 

comprisitii.'  tho  /*o/y:»>rt,  Tunicatti.  and  DnicJticpuda. 
MuNoDKLi'HlA  (Gr.  mn/ifu,  fdn^le;  delpku*,  womb).    The  diriMtmof  Mtukmatm 

in  which  the  uterus  is  riogle. 
MuNourAitv  (Gr.  mount,  Biniorle;  muon,  muscle).     Applied  to  theiie  bftihii 

iLameiiUirtiHrAiaia}  in  which  tbe  shell  ii  closed  by  a  single  addneter  awtfn 
MoNOPHToDoNT  (Or.   miiiu:tt  /  pAHii,  I   gcnomto ;  uf/owj,    tooth).    AfwDad  U 

tho^e  Mammiils  in  which  onlj  n  ningle  Mut  of  teeth  1*  erer  deveUHioa. 
MuNi/THALAHoi's  (Gr.   monos  ;   and  thalnmo*,  choniher).     Poaeanay  ee|f  • 

sing^le  chftmber     Applied  to  tbe  ebells  of  Fnnimnti/'H-a  and  JiaUmam. 
^ToNt»TRF3lATA  (Or.  monng  \  trema,  aperture).     The  onler  of  Maoiaieh  oibi 

prifving;  the  Duck-mole  nnd  /ic/uUnti,  in  which  tht>  intestinal  OMUl  Oftn 

into  u  *'  L-loacn  "  coinmuu  to  the  duct«  uf  the  urinary  and  g<onamthreaiinH. 
MDLTiUK'rL.vH  (Lat.  maltui,  many;  io^Htu*,  a  little  panej.    DlriM  iau 

mony  rhambers. 
MrrriVAi.vf:.     Applied  to  aholk  which  are  oompoaed  of  nmny  pleeea. 
MruTUSGrLA  (Lnt.  mnUuM,  many;  utujuta-^  hoof).    The  divimoo  af  Piniift> 

dnctyle  l'ngiiIrtt«-«,  in  which  o.-ich  f<x>t  has  more  than  a  riagle  boaf. 
MritiAroDA  or  Mvhtupuda  (Gr.  mnrioji,  ten  thousaod ;  poda,  feotK    A«ka 

of  A  li/iroft'Mfa  comprising  the  Centipodes  and  their  allies,  chanctari*!  hj 

their  numerous  feet. 


NaoreoUS  (Fr.  HiUTf,  mother-^f-peorl,  originally  Oriental.)    Paariy:  of  Iht, 
texture  of  roother-of-pcArl.  ^ 

NaTaTuHKS  (Lilt,  uar^,  to  swim).     The  order  of  tho  Sirimniing  Dtrds, 

NataTi'RT  (Lat.  narr.  to  swim).     Formed  for  swirominff. 

Navtiluid.     Resembling  the  shell  of  the  i\aHt;/vt  in  shnpe. 

NERVmiKS  (Lat.  ntn-ttitf  asioew).     Tho  ribs  which  support  the  meal 
wit»g»  of  injects. 

Neuiul  (Or.  f4mivn,  a  nerve).     C?onnec*tod  with  the  nervous  «yitea. 

NitKAi^i'iiTsis  (Gr.  Hcaron,  a  nerve;  ajMjpAiuu,  a  projecting  parti 
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V  "«p1nods  prooi^^HKVertebra,  ortha  prooees  formed  at  the  point  of 
^     jnnctiuD  of  thi^PMHntMa. 

Nkchoptera  <0r.  nriinm  /  ami  pfetrm,  n  wing).     An  order  of  TnnecU  clmrac- 

terise^l  Ity  four  moiubnuious  wiu^'v  with    uumoruus  loticulutod  uorvurei 

{t.ff.f  Dmgon-rtictf), 
m  NooTcnNAL  (Lat.  nox,  night).     Applied  to  animnla  which  are  active  by  nigbL 
H  NORWAJ.  (fjAt.  Htrrma,  a  nilo).     Confonntng  to  the  ordinnry  Htanilnnl. 

■  KoTOBRANCBT&TA  (Ur.  lottat,  tlie  back;  awl  InaijchiUf  ipH).  C'lirrying  tba 
B      Iplls  upon  the  back  ;  npj^liod  to  a  ilivision  of  the  Anntlidti, 

■  NoTOCHORD  (Gr.  H*iiii,*,  Imck  ;  rhonlr.  Htrin{r).  A  ccllulnr  rod  which  is  devcl- 
H  oped  in  tbo  embryo  of  Vertebrates  Imniediatelr  booeath  tbo  spinal  cord, 
H      nnd  which  is  usually  replaced  in  the  adult  by  the  vcrtebrni  column.     Ofleu 

it  ia  Bpukeu  of  am  Lho  "  cliurfla  dorsalis." 
NuDiBR&NOHlATA  <Lat.  ntidus,  iinkud  ;  aod  Or.  broffchiai  gUl).     An  urdor  of 

the  GaMeropodii  in  which  the  ^XU  aro  ntUtod. 
L  KruHTTi.iTFs  (I.at.  nummnff  a  coin).     A  large  ooin-shaped  Foramlnifer  of  the 
H      EoccDo  poriod. 

H  Occipital.     Connoctod  with  tbo  o/vlput,  or  the  back  part  of  the  head. 

■  OOKAXic.     Applied  to  animalji  which  inhabit  the  open  ocean  (  t=  pelagic). 

■  OcELI4  (Lat.  oiminutiTo  of  ocu/tu,  oyo).     The  ttimplo  oyos  of  mnay  Kchieo- 

■  demUf  Spiden,  Cruaiaooantt,  Molluaca.  kc. 

■  OvTuroDA  \0r.  ndo,  eight ;  pouj,  foot;.  The  tribe  of  Cuttle-fishes  with  eight 
I       armii  attached  to  the  head. 

■  OboTrrocETi  ((Ir.  a/ou    tooth;  ixttv,  whalu).     The  "toothed"  Whales,  in 

■  ooutnkdiatinction  to  the  *'  whalebooD"  Whales. 

I  Odontoid  (Ur.  mfjftu  ;  eu/oi,  form).    The  "  odontoid  i>n>co8s  "  is  the  centrum 

■  or  body  of  the  first  cervical  rertebm  {attas).    It  is  detached  ^m  the  allaii, 

■  and  in  Q.tnAllT  anchylnned  with  the  necond  corfical  Tortobra  i,<Lru)f  aod  it 
I      forms  the  pivot  upon  which  the  head  rotates. 

I  OlX)MtiPHuRK  ((tr.  im/omji,  looth  ;  /"Afro,  I  carrj).  The  Bo-called  "tongue," 
I      or  tuiuticato^  apparatus  of  OiisUmpodat  PUfvfVHla^  aitd  Vcphalopoffn. 

■  CEtsi  tf  LiAuVS.    The  gullet  or  tube  loading  from  the  mouth  to  tho  Htomaoh. 
Oi.io<)CH,£TA  (Or.  t>fiffot,  few  ;  chaiu^  hair^     Ad  onlor  of  ^N»«fic^,  oorapria- 

in^  the  Enrth-wonnn,  iu  which  there  are  few  briatlefl. 
Oit.*(ivuKors  (Lat.  oMum,  everything ;  ruro,  I  devour).     Feeding  iadiicrimln- 

atoly  upon  all  sorts  of  food. 
Oi'KHi'rt.ATA  (Ijit.  oprrculuiHt  a  lid).     A  division  of  pulmonale  Gasteropoda, 

in  which  tho  shell  \n  cloRed  by  an  operouluiu, 
Opkrcl'I.OH.     a  humy  or  ahully  plate  developed  in  certain  MnUitgea  upon  the 

hinder  part  of  tho  foot,  aud  acrvinp  to  close  tbo  aperture  of  tbo  shell  whon 

the  .iniraal  la  retracted  within  it :  also  the  lid  of  the  nhell  of  a  Iiai<mu»  or 

Aoom-shell ;  atsu  the  chain  of  lUt  ttouos   which  cuver  tho  gUbt  in  many 

fiabm. 
O  PHiDiA  (Gr.  Qphitj  a  serpent).    Tbo  onlor  of  Reptlloa  comprising  tho  Soakos. 
O rHiDOBATRACUU  (Gr.  opfn'j;  Itu'fiKht^,  a  fro^l.     Sometimos  applied  to  the 

onler  of  Siiake-liko  Amjihibinna  cimipri^ing  the  C>rcUur. 
OfuioKORI'HA  (Gr.  ophU  ;  m»j>iic,  shape).     The  order  of  A  mpfiil>ia  compria- 

iog  the  CtKiiut, 
Oi>uii:H0iUEA  (Gr.  opkh,  snake  ;  oura,  toil :  eidvt,  form).  An  order  of  fcAine- 

damata^  comprising  the  Brittle-stant  and  Sand-Htara. 
OpIBTHOBHANrllUTA   (Gr.   i»/mV/*»*)i,    behind;  Imnjcfiia,  gill).      A  divinion   of 

Oaateropotia  iu  which  the  gills  arc  placoil  on  thL>  jKisterior  part  of  the  bttdy. 
On!»THiX'u^Luu»  (Gr.  opittAfi*^  behind  ;  ioxf<>*,  hollow).    Applivd  to  rertebne, 

tho  bodies  of  which  aro  hollow  or  concave  behintL 
OiiAL(Ivit.  OM,  mouth).  Conneoted  with  the  mouth. 
Orkituddklphia  (Gr.  orAr>.  a  bird;  tfetpAiu,  womb).     The  primary  division 

of  Mnniitials  comprising  tho  Monotitmaia. 
ORSmiotiCKlJDA  (Gr.  oi«('<,  bird  ;  *lvf(^4,  leg).     Applied  by   Hnxloy  to  the 

Uciooaaurian  Heptllcs,  toj^ctbcr  with  the  i^cnus  C'oMjMtH/noMHj,  on  acoount 

of  the  blrd-liko  character  of  their  hiod-limlxi. 
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0UTHOCER4TIDA  (Or.  orthoi,  Ktmi^^lit ;  iarui,  bom).     A  bkmUj  of  Uia  .Va«. 

tifuia,  in  which  the  shell  in  tttrai^ht,  or  nearly  m». 
Obtiiopteka  (Gr.  orMoji,  vtraight ;  pfcroA,  wingl.     An  order  of  IniMt*. 
OsstcCLi.  (Lat.  diminiitiTa  of  iw,  wno).     Literallj  sm&U  bohi:^.    OfUooMt 

to  (lesii^ate  any  bard  atnicturea  of  nuall  aize,  «uch  «■  the  calcM«0«»  pUta 

in  the  integnmttDt  of  th«  Starflsbec 
OSTRAOODA  (Gr.  ottraloft,  a  shell).    An  ordor  of  imaU  CnuUa«»iii  wfaiik  «i 

tinclostxl  in  bivalre  sbelk. 
OtoliTBB  (Gr.  1U4,  oar  ;  and  liiAui,  atone).     The  caloartoUft  boifit  aouuMal 

with  tbo  aonac  of  boaiiDft,  ovou  in  iu  rouai  rudirnenlary  fona. 
OVARUH  Vcsict.ES  or  Capsules.     Tbo  gonorative  buds  of  tb«  ArtelanUa 

Pachtdfruata  (Or.  ^KirAiLx,  thick  ;  drrma,  skin).     An  old  Matnmahuvdw 

coQ»titut4:<l  hy  Cunor  fur  tbo  recopUon of  the  Rhiuuccro*,    fliininiilMB. 

Elephant,  Jii.Q. 
Pal^oktoukit  (Gr.  palaint,  ancient;  and  l^fffoM,  discoonkei.    The  tdetmwl 

fossil  remains  or  of  extinct  orgnuised  beings. 
PAUBOTHRRiDiB  (Or.  palitioM,  aucteut ;  Mcr,  beoslt.      A  srenp  ol  Tsitey 

Ungulates. 
Palaoioio  (Ur.  /kj/aiof,  ancient ;  and  xe,  Mi*},    Applied  to  ib«  dda^ef  de 

great  geological  ep(K:hs. 
Paluobhancuuta  (Lst.  ptUtium ,-  and  Qr.  broffckui,  gill).     An  old  tmmlm 

i\io  BriicAiopodtu  founded  upon  the  belief  that  tbd  eptoai  of  tabes  !■  Ae 

mantle  oonslitutcd  ^o  gills. 
Pallium  (Lat.  ptdltntn,  a  cloak).    The  mantle  of  the  MoUmsm.    PiiUl- 

relating  to  tbo  mantle.     PnHia!  tint  or  tmjrrrutoN  .-  the  line  left  i' 

shuU  by  tho  musouUr  margin  uf  tbv  mantle.  PaUinl  MheU  ;  a  Rhel 

secreted  by,  or  oontained  within,  the  mantle,  such  u  the  **  bone    w  um 

Cattle- lUhos. 
Palpi  (Lat.  palpit,  I  touohK     Procossos  supposed  to  he  organ*  of  teaiA, 

liorelopcd  frum  certain  of  the  oml  ap]Kni>la^>s  tn  Insect*,  Spid«r*,  and  Crw 

taoea,  and  frum  the  sides  of  the  mouth  iu  the  Acephalous  MolluKa. 
Papuxa  (LaU  for  nipple).    A  minute  soft  prominence. 
Parapodia  (Or  pttm^  boaidc ;  potUt,  feet).     The  iinartieuUted  latenJ  leoo- 

motive  prooosses  or  "  foot^tubercloR  "  of  iiianT  of  the  A  uHeUda, 
Pahirtal  (Lat.  paries,  a  wall).     Connected  with  the  walls  of  a  earliy  or  d 

tho  body. 
Pataoicm  (lAt.  the  border  of  a  drees).     Applied  Iu  the  expansion  of  the  ie- 

tegumeDthy  whioh  Bats,  Flying  Squirrels^  and  other  animals  AupportllMai- 

selves  in  the  air. 
PATKLL.V.     The  knee-o«)  or  knee-pan.     A  sesamoid  bone  (Ursloped  U  thi 

tendon  of  insertion  of  tho  great  eztmunr  mnsolofi  of  tho  Ihi^. 
PecTiHATK  (fiat. />vf£A,  a  comb).     Comb-tike;  applied  to  thegillsefi 

OaMtn-ofioJt,  hoooe  called  Pn-tiHilfr»nckiatH. 
PEcroEAt  (Lat.  pactujtj  cheel).     Cunneoteil  with,  orplaoetl  upon,  the 
PeoAL(Lat.  pes,  the  foot).     Connected  with  the  foot  of  .Vi^tltucA. 
PEDlcF.i,LARTje  (Lat.  petiic^fluM,  alotine).     Certain  sinpilar  appeada^a 

in  many  JCcKimoflerHU^  attached  to  the  surfnoe  of  the  body,  and 

a  little  boalc  or  forceps  mipported  on  a  ntnlk. 
Pkuicli:  (Lot.  dim.  of  p^t,  the  foot).    A  little  stem. 
Pedipalpi  (Lat.  pa,  foot ;  axaXpalpo,  I  feel).    An  order  of  ^nuUiAi  •« 

prisinij  tlie  SoorpioDs,  Ac. 
Pkdl'Ncle  (Lat.  }MiiHticuiuM,  a  stem  or  stalk).     In  a reetrioied eevse  aiipM 

to  the  muscular  process  by  whioh  certain  Rraehu>uodx  are  aitaehai*  h4 

to  the  stem  whicn  bears  tnu  body  (capitulumj  in  llAmaole&. 
PeOLTNOOLATS.     Posseestng  a  peduncle. 
Pelagic  (Or.  pelago*,  sea).     Inhabiting  tbe  open  ocean. 
PikLXTS  (Lat.  tor  basin).     Apniiud,  from  anabigy,  to  tbo  besa)  portioe  of  Um 

oup  (cafifx)  of  Crinoidt.       The  bony  arch  with  whioh  tbu  uiod-HmlM  sn 

oonnected  in  Vertebrates. 
PeREXxmii ANCBIATA  (Lat.  petritnis,  perpetual ;  Or.  braffdiia,  gill).    Applisd  i* 
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AMjthilia  \n  whlob  tbo  gilU  an  permanontly  retained  throQf^oiit 

vxTACfiCtrnljit.  jifrgam^na,  pArrhment).  Of  the  texture  of  pkrchment. 
ICMTRAcrx  (Or.  />m',  Arouud  ;  iiml  imtruttyfi.  shell].  The  luveruf  epiilerrois 
rhich  coven  th(3  Bhell  in  nioAtuf  the  ,\/"l/Hjra. 

tHK  (Or.  Mri  ;  ADd  toma,  body).     The  curiacoons  or  cAlcoreous  int«Bii- 
i^of  the  krJiimotUrmttta. 
iDACTiTLA  (Or.  peristaa,  aneren ;  datluiot,  fineer).     Applied  to  fhom 
[oofed  Quadnipeda  {Cnffulcitn)  io  which  ths  feetliaTO  an  uaeven  number 
'  toos. 

>ID.    Shaped  like  the  petal  of  n  flower. 

kXOn  (Or.  pkalanx,  a  row^.     The  small  bonei  corapoftiog^  the  di^ts  of 
lli^er  VerttbnUa,     Nurmidly  couh  di^^t  has  throe  pimlniif^'ev. 
imaioaAHS  (Gr.  jtUann-ut,  visiblo ;  fjam*^,  mnrriapoK     Plant!^  which  baTO 
ke  orgaoB  of  reproduction  conspicuous,  and  which  bear  true  tlowera. 
tTHuOBHANrmi  (Or.    uhurngx.  jihar^'nx  ;  brxigehia^   (fill).     The  orrlor  of 
ibee  coimvriMJnK  only  tne  Latic»1rt. 
\,\v\.     The  dilated  commencement  of  the  euUet. 

lOMACONE  (Or.  phi-aifmi,  n  partition  ;  and  ionot,  a  cone).   The  chambered 
ion  of  the  intemnl  hHoII  of  n  Rrfanniir, 
riuCTOCJEMATA  (Or.  plttilusm,  I  x^ard  ;  and  lai'mos,  throat).     The  dlvinion 
'  Pofyzwt  in  which  the  mouth  is  provided  with  the  arched  vnlvular  prooeaa 
town  as  tbo  *'  opinlomo.'' 
U>priDA  (Or.  jthullon,  leaf;  and  pou*,  foot).     An  order  of  VitiMacta. 
>FR(kRiDA  (Or.  /)Aiuu,  air-bladder ;   and  pAav,  I  carry).     An  order  of 
;Oooauie  //yt/nuoa. 

no  (Or.  jAuioH,  A  plant;  and  fulo4.  forml.     Plant-like. 
tTol'HAOOL'a   (Or.  pAuJon,   a  plant ;  and  phagn^  I  eat).     PUnt-eating'^  or 
rbivorous. 
LTX  (Lat.  pifiso,  a  feather).     Feather -ihaped  ;  or  ponessin^  lateral  pru~ 

riolLADA  (\Ai.  pi/tuu,  a  feHther ;  ffradior,  I  walltV.  The  proup  of  C'ar**- 
-u,  compri>»inK  the  HealR  luiil  WaJniaes,  ndapted  for  an  aquntio  hfe.  Often 
IPod  PtHtt'pffiiii. 

ivi.x  (Ijit.  dim.  of  pinna).     The  lateral  proocMosof  the  arms  of  Crinoid4. 
f  CH  ( lAt.  piseit,  a  &sb ).     The  clase  of  Voriohratos  oomprimtig  the  Finhea. 
jrNTA  (Ijit.  a  cake).     The  "  after-birth/'  or  the  or^an  hy  which  »  raseu. 
cttiinrction  in  establiHhwi  iu  the  higher  Jl/amiHa/iu  bt^twoeu  the  mother 
id  the  fiBttiM. 

kCEirrAi-     PotweninD^  a  placenta  ;  or  oonnectod  with  the  placenta, 
kOotl)  (Gr.  pituc,  K  ^lato ;  ^»W*m,    form).     Applied  to  the  irregular  bony 
'"*""    — liiii,  or  apmea  which  are  found  in  the  nkin    of  Tnnoui   ftfthee 
tmeJkii). 
>KI  (Or.  jdaffioi,  traniiTerse ;  atoma,  month).    The  Sharks  and  Ra>'B, 
the  mouth  ia  tran8?eno>  and  ii  placed  on  the  under  surface  of  the 

lADK  (I^t  planta,  tho  sole  of  the  foot ;  ffnulior,  I  walk).     Applying 
sole  of  tie  foot  to  the  ground  Id  walking'. 
tTRON.     Tho  lower  or  ventral  pt>rtion  of  the  bony  case  of  tbo  Cheloniau. 
HIM  A  idr.  pfaftiM,  hrooil ;  rA*H*M,  nontrils).    A  group  of  the  Qua^irumaHtt, 
iD<fXT(Or.  jfU'irtm,  rill,  »ide  ;  tulouM,  tooth).     HHviug  the  teeth  acchy- 
with  the  inner  side  of  the  jaws, 
ON  (Or.  pie»ron,  a  rib).    Tho  lateral  extensionn  of  the  shell  of  CruMacta, 
tATic  (Gr.  pitetfnta,  air).      Fillo<l  with  air. 

■HTUalmaTa   (Or.   /w.iij.   fi.K>t ;   and    opiitlmhnoi,    eye).     The  division  of 
itftccn  in  which  tho  eyet!  are  bomu  nt  the  end  of  long  footstnlks. 
EX  (Lat.  tho  thumb).     The  innormoBt  of  tho  fivu  normal  di|ftC8  of  tho 
limh  of  the  higher  Vertebratee.     In  man.  the  thumb. 
;TCTt(TmA  (Or.  jioitSy  many  ;  and  ItulU,  a  cyst).     An  ortler  of  Pntoaoa, 
ith  formninatea  lilioeoua  shells. 
ILTPARY.    The  bard  chitiuout  ooveriog  Mor«t«d  by  many  of  the  Ujfdnttoa. 
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POLTPE  (Gr.  potus,  many  ;  pov«,  foot).    Bestricted  to  the  dngte  indiTfdtul  of 

a  simple  Actino:offn,  such  as  a  Sea-aneroon",  or  to  tbe  sopaimte  boijuIi  u{  i 

compoimd  ActtHozoSn.    Often  applied  iDdiscriminately  to  aoy  of  thb  t^tf- 

Urata,  or  even  to  the  Polyzoa, 
PoLTPiDE.     The  Boparate  zooid  of  a  Polffzofin. 

PoLYpmoM.    The  dermal  syatem  of  a  colony  of  a  H^rtaod»t  or  PolysoM. 
PoLrPiTE.     The  separate  zoiiid  of  a  Il^dr^oi'm. 
POLYTUALAMuUH  ^Ur.  po/iw/and  tAa/amui,  chamber).    Harlog  many  ehtm 

bers  ;  applied  to  the  shells  of  FoTamiuifera  and  Vepkalopoda, 
PoLTZOA  (Gr.  poltn;  and  z<^n,  animal).     A  division  of  the  MoHmtcoida  coo- 
prising  compound  animals  such  as  the  Sea-mat— Homotime*  called  £r«b>4 
PoLYZOAHiCM.    The  dermal  systemofthecolony  of  a  Po()r20^»(=PoIfphlumt. 
PORCKLLANOCB.     Of  the  texturo  of  porcelain. 
PORIFERA  (Ijat.  poruA.  a  pore ;  KaAfevo,  I  carry).    Sometimes  used  to  danf;- 

nate  the  Foraminifera,  or  the  Sponges. 
Post-anal.    Situated  behind  the  anus. 
Po8T-(£S0PHAQEAL.     Situated  behind  the  gullet. 
Post-oral.    Situated  behind  the  mouth. 
PrahaxilLjG — see  IntermaxilUo. 
Pbaholahs  (Lat.  pnr^  before;  motares^  tbe  griDdem).    The  molar  teeth  of 

Mammals  which  suoceed  tbo  molars  of  the  milk -set  of  teeth.    In  mu,  tbi 

bicuspid  teeth. 
Pa£-(EsopaAOEAL.    Situated  in  front  of  tbe  gullet. 
pR£-aTERNDH.     The  anterior  portion  of  the  braast-bone,  correspoDdiog  vitk 

the  tnan  ubrtum  sterni  of  human  anatomy,  and  extending  as  far  as  tbe  poutt 

of  articulation  of  the  second  rib. 
Pboboscidea  {Lat.  probotcia,  the  snout).    The  order  of  Mammals  oompri^inf! 

the  Elephants. 
PROC(ELnus  (Gr.  ;»-o.  before  ;  l-oUot,  hollow).    Applied  to  Tertebrse,  the  bodit* 

of  which  aro  hollow  or  concave  in  front. 
pROPdinUM  (Gr.  }tro,  before  ;  pom,  foot).     The  anterior  port  of  the  foot  ia 

MolhiMc^. 
Pbosobrancuiata  (Gr.  oroson,  in  advance  of;  br<t//chia,  a  pill).     A  dirisict. 

of  Gasteropoduus  Molluscs  in  which  tho  gills  are  sitimted  in  advance  of  tbe 

heart. 
Prosoma  (Gr.  pro,  before  ;  soma,  body).     The  anterior  part  of  the  body. 
Phothokax  (Gr.  j^ro  ;  and  thorax,  chest).    The  anterior  ring  ol  the  thorai  bi 

insects. 
ProtophTiTA  (Gr.  protost  ;  and  pinion,  plant).    Tho  lowest  dirision  of  plauti. 
Protoplasm  ((Jr.  protos ;  and  p(asto,  I  mould).    The  elementary  ha»is  i.f  <  r- 

ganised  tissues.     Sometimes  used  synonymously  for  the  "sarcode'' ofthe 

PrutoZ'Ki. 
PrdtopuDite  (Gr.  protm,  first ;  and  pons,  foot).     The  basal  s^ment  of  tte 

typical  limb  of  a  CrusUiC'an. 
Protozoa  (Gr.  protos  ;  and  zoUh,  animal).    The  lowest  division  of  the  aoiiui 

kingdom. 
Proximal  (Lat.  proximuf,  next).    Tho  slowly-growing,  comparatiTely-flie'i 

extremity  of  a  limb  or  of  iin  orpanisni. 
PsEUDowlUA  (Gr.  p»€Hdofy  falsity  ;  and  pons,  foot).     The  extensioos  of  tbe 

body- subs tai ice  which  are  put  forth  by  the  Hhizopoda  at  will,  and  wLicb 

servo  for  locomotion  and  prehension. 
PTElt<H'i>r>A  ((!r.  j'feron,  wintr  ;  and  /wm.  foot).     A  classof  the  J/oZ/um  which 

swim  liy  meanH  of  fins  attached  near  tho  head. 
Ptkro.saiuia  (Gr.  ptt-ron,  winp  ;  saum,  lizard).   An  extinct  onler  of  Reptilw- 
Pi'Bis  (Lat.  puln-s,  Irnir).     The  share-bone;  one  of  tho  Itonea  which  enter iDb> 

tlio  com]>osition  of  tho  pelvic  arch  of  Vertebrates. 
PrLMonAbTEKoroD.v  ( -  Pulmonifota). 

Pri.MONAKLv.     A  division  of  Arachnida  which  breathe  by  means  of  pulmo- 
nary sues. 
PuLMoxiFLUA  (Lfit.  pnhno,  a  lung  ;  and/o-o,  I  carry).     The  division  of  U^J- 
iusca  which  breathe  by  means  of  a  pulmonary  chamber. 
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P^'TRiroiui  (l^t.  pytutt  »  fM*ar ;  anft/onNn,  form).     Poar-sbaped. 

QCADRnfANA  (liat.  tjitatMor,  fnur :  i>ut»u»,  hand).    Tho  onlor  of  Mammals 
compruing  the  Apea,  Monke^-s,  BabooDfc,  Lotnurs,  &o. 

TLiDiATA  {hat.  raditif,  nrnyV    Fnraierlr  applied  to  a  large  number  of  aiunialB 
which  nre  now  placcil  in  ROjiamto  sub  kingdonu  {e,^.,  tho  Catenieruia,  the 
Kchinodirmnfa,  iho  lii/iurtrui,  kc.  I 
!!BAitff>t,ARrA  (Lftt.  m*yt«»,  a  ray).     A  diviBion  of  /'nVnrofl. 
IRAtiK's  (Lat.  n  K[>oko  or  my).     The  innermoftt  uf  the  two  hooofl  of  the  fore* 
arm  of  the  hi^hor  Vi<rte)>rat«e.     It  canief  tbo  thuoib,  when  present,  and 
corresponds  with  tho  tibia  of  the  hindUmb. 
HamIj^  (I^t  a  hrrinch).     Applied  to  each  haJf  or  bmncfa  of  Lho  lower  jaw,  or 

nwadihle,  of  Vfrtobrates. 
HirroRcs  (lAt.  rufilo,  I  plunder).     The  order  of  the  Binis  of  Prey. 
lUsORBS  {Lat.  riuldt  1  scrattib).    Tho  order  of  tbo  Scratching  Birds  (Fowls^ 

Pi^eoDS.  &c.) 
RaTCTX  (Lat.  iiiteM.  a  raft).    Applied  by  Unxley  to  the  Ciirsorinl  Bird)!,  which 
do  not  tly»  and    have  thorufaro  n  raft-ltke   stonium  without  any  inedino 
kael. 
Rktth  (Lat.  }yctu*,  straight).     Tho  terminal  portion  of  tho  intestinal  canal, 

opening  nt  tho  surface  of  the  body  at  tho  anuA. 
BlcnJl.lA  (Lat.  rrptv,  I  crawl).     The  cIohh  of  the  Vertebraia  comprising  the 

ITortoisea,  Snakes,  Lixnrdn,  Crocodiles,  Jko. 
RBVBBain.    Aiipliod  to  spiral  univalves,  in  which  tho  dirootion  of  tbo  spiral 
is  the  rerorao  of  the  normal — i.i'.,  sinijtnti. 
RinEi:)FiiAaA  (Or.  rhiza^  root ;  pAa^o,  I  eat).     A  Rroun  of  tho  Mantupials. 
,  IIhiz<.>ku>a  (Or.  rkUa^  n  root ;  and  uotu,  fuot).     The  aivisiou  uf  /Voftcoci  com- 
^^rising  ^  those  which  aro  capable  of  oroitt-ing  jiHeudopodin. 
^Hf3iOiiO[.iT£&  (Or.  fftun<-ltta,  beak;  and  lithot,  Ntone).     Beak-shaped  fossils 
^^Dsisting  of  tho  mnndibloa  of  Ce/An/ojiofiit. 

r  RoDKNTiA  (Lat.  nt'fo,  I  (rnaw).     An  order  of  tho  Mammals;  often  called  Ofirea 
(Lai  fltUf  a  dormousoK 
RutiutiA'tLat.  rvfjogiu,  wrinkled).     An  or<1er  of  Corals. 

KrmsATtTiA  (Lat.  tumitun,  I  chew  the  cud).     The  t?ro«p  of  Iloofed  Quadru- 
{Hids  (t'n^iitaJa)  which  **  ruminate  "  or  chow  tho  cud. 

SACItrv.      Tba  Tortflbne  (usnally  anchylosed)  which  unite  with  the  haunch- 

bono*  (I/m)  to  form  tho  ]wlviti. 
S,vXD-CA!*AL  (=  ST<iNE-rA>Ai,).      The  tube  by  which  wiiter  is  convejed  ftwm 

the  extenor  to  tho  ambulacral  system  of  the  Ech\Hi:tUnnaia, 
Barcode  (Gr  i<ii'x»  flesh;  «"(/.)j,  form).      Tho  jelly-Hko  suhatanoe  of  which 

the  IxMlies  of  the  Prt>fo:ttft  are  compnmHi.    It  'm  an  albnminrMia  lio<]y  contain* 

Ing  oil-frranules,  and  is  fiometiniev  called  "  animal  protoplasm." 
Sarcolds  (Or.  jrurr;  and  fuiuM,  form).      The  separate  nmcebifonn  partiolea 

which  in  thu  a^^TKTOgato  niako  up  tbo  "  flesh  "  of  a  Sponge. 
&ArniA  (Or.  /rmni,  a  jirant).     Any  iimnl-Itke  Fieptiio  is  often  nftrtken  of  aa  a 

*'  Saurian  ;  "  but  the  turni  U  sometimes  restricted  to  the  CrocuUiloM  aluao, 

or  to  the  Crocodiles  and  LftoertiUnns. 
BAiTROBATRACiriA  (Or.  MKiKt;  hitfrdcJinji,  frog).     Sometimes  applied  to  the 

order  of  tho  tailed  Amphihianit  ( Crotfrtn). 
fiaimoPftlDA  (Or.  Miurii  ;  and  ojtais,  npiH.'aranoe).     Tlie  name  given  by  Huxley 

to  the  two  claMwn  of  the  Birdj^  nod  Koptiles  oolleotively. 
©APBOPTEnToiA  (Or.  mt>m  :  pt-rta;  winp).     An  extinct  order  of  Tteptilosj 

ealled  by  Huxley  Ptaumtuna,  from  tho  typical  genua  /'lewiiuaurui. 
8aUBrit.B  (Or.  *««»>»;  tmnt,  Vu\}.     The  extiitot  order  of  Birds  comprising 

only  the  An:Jnjtttf4tTi/x. 
ScAMWRKs  (Lat.  Kinu'/o,  I  otlmb).     The  order  of  tbo  Cimbing  Birds  (Parrots, 

""■oodpockers,  fcc.) 

(Lat.  lor  shoulder'bladc),     The  shoulder-blade  of  the  pectoral  arch 
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of  Venebrmtes ;  in  «  restricted  Miue,  the  nnr  of  platei  Sa  tht  eop  of 
Criit»idj,  whids  gira  ofigin  to  the  anas,  and  are  osQallj  esDed  th»  **ad- 

ScLCRE^cHTXA  (Gr.  tilfTfu,  hmrd ;  azid  mdlitaia,  tiame).     The  alkanam 

tinue  of  which  a  coral  is  eompoaed. 
ScLEBOBAAic  iGr.  tkUro$.  hard ;  Wu,  pedeatal).      The  coral  which  ii  pn- 

daoed  by  the  outer  s^ufaoe  of  the  int^mnent  in  certain  JchaosM  (c«^ 

Red  Coral  •,  and  forms  a  solid  axis  which  is  inTested  hj  the  soft  parta  o(  tiit 

animal.     It  is  called  "  foot-secretion  "  by  Mr  Dana. 
SCLEBODERMtCiGr.  <£Jmw;  and  (f«i-Ha,skin>.     Applied  to  the  ooralhim  wluh 

is  deposited  within  the  tissoea  of  certain  ActimtKua,  and  is  callsd  "tiaw. 

secretion**  by  Vr  Dana. 
Sclerotic  iGr  »klem$t  hard).    The  outer  dense  fibnms  ooat  erf  tbs  ejra 
SCOLECIDA  iGr.  skotix,  w«TD>.     A  dirinon  of  the  AHnwimda. 
SctTTA  (Lat.  JVK/vH,  a  shield).    Af^Hed  to  any  shield-like  plates ;  mpeaHj 

to  those  which  are  dereloped  in  the  integument  of  many  Reptiles. 
ScLACHLA.  or  Selachu  (Gr.  reiaeJto$y  a  cartilaginoos  fish,  prtHiahlf  a  sbiritl. 

The  sub-order  of  EtatwuAmuckii  comprising^  the  Sharks  ud  Dog-fitlui. 
Setiostajre.       The  internal  shell  of  the  Sepia,  oommonly  known  ai  tbi 

"cuttle- bone.'' 
Septa.     Parti  tion*. 

SERPEyTTFOEM.    Resembling^  a  serpent  in  shape. 
SEBTruuttDA  (Let.  MrrtHm^  a  wreath).     An  order  of  Bifdrocoa, 
Sessile  i  Lat.  tedo,  I  sit}.    Sot  vaj^iorted  upon  a  stalk*  or  peduncle ;  attacM 

by  a  base. 
Sktm  I  Lat  brist]eeK     Bristles  or  long  stiff  hairs. 
SETirtRons.     Supporting  bristles. 
SmcEROi'S  (  — Setiferousi, 
Setose.     Bristly. 
SigillaRIOIDS  \  Lat.  ti^llla,  little  images).     A  ffroup  of  extinct  plants  of  wbicL 

SiiVfaria  is  the  type,  so  called  from  the  seal-like  markiug^  od  the  tark. 
S!LlCE»»is  iLat.  #'V^J-,  flint'.     Compose«l  of  flint. 
.Sinistral  <  Lat.  fiuitfra,  the  left  band).     Left-banded  :  applied  to  the  dine 

tioa  of  the  i^iitral  m  certain  shells,  which  are  said  to  be  "  revcnied." 
Siphms  (Cjr.  tifJiOh,  a  tubei.      Applied  to  the  respiratory  tubes  in  the  ifV- 

^tltca  ;  aiso  to  other  tubes  of  different  functions. 
SiPHONnPHOBA  (Gr.  riphoik  ;  andy>A/rr),  I  carry).     A  dirision  of  the  /fjirfro-' 

comprising  the  Oceanic  forms  iCalvrojJ'on'da  and  Phiift>)il,nridir\. 
SiphonosT'>maTa  (Or.  si^'Kon  ;  and  ftoma,  moutb).     TlJe  division  of  fttuf'f- 

priiovf  Mf.'lvtcj',  in  which  the  aperture  of  the  shell  is  not  "entire,''  b:* 

posses<>cs  a  not<.-h  or  tu1)c  for  the  emission  of  the  respiratory  siphon. 
SlPHiNCLE  (Lat.  $ij}/i"Hruitij,  A  little  tubet.     The  tube  which  connects  u- 

? ether  the  v.irious  chambers  of  the  shell  of  curtain  Cfphatopoda  {t.g.,  tU 
'early  N'autilusi. 
SiprNCL'L<HDKA(Lat.  rip^itinculus,  a  little  siphon).      A  class  of  .■!  «flrfJlnt/*>''' 

[AnHuf'\*a\ 
SiRKNiA  (Gr.  .viiv/j.  a  mermaid).      Tho  order  of  Afamoiaiiii  comprising  tk- 

Duconjrs  and  Manatees. 
S0LmUN<.;ri.v  U-at.  ^-/iV/mj".  solid  ;  ungtila,  a  hoof).      The  proup  of  Hof-W 

Quadruped.^  comprisinj^  the  Uorse,  As?,  and  Zebra,  lu  which  each  footku 

only  a  sintrle  sohd  hoof.     Often  called  St.lipfilUi. 
Somatic  iGr.  .".t*.'!,  bwly).     Connected  with  the  body. 
S».>MiTi:  (Or.  Pnii'i),     A  single  sei?ment  in  the  body  of  an  Articulate  aDioal. 
Spkkuatuzoa  (Gr.  jy^rwm,  see*! ;  and  rw>n.  animal).     The  micn^cc^c  till 

nients  which  form  the  essential  generative  element  of  the  male. 
Spicl'la  (l«it.  fjrirvlKm.  a  point).  Pointed  needle-shaped  bodies. 
Spiraclks  (Lat.  s/'h-o,  I  breathe).     The  brea thing- poi-eii,  or  apertures  of  tb 

l>roatbinir-tul)e,-i  (tracheiei  of  Insects.     Also  the  single  nostril  of  the  Hv 

fishes,  the  **  blow-hole"  of  Cetaceans.  &c. 
SPL.VXCQNUSKKLETMN  |Gr.  r/ihufchmi,  visccra ;  rktUtot,  dry).     The  bard  slmi* 

tures  occasionally  developed  in  connection  with  the  internal  orgutsor  nscen. 
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8M>:<oit>A  (Or.  fpoygo*,  a  sponge).     The  dJWsion  of  Protozoa  commonly  known 

spongvs. 
SQrAMATA  {l^t.  sijuama.  ft  ncftle).     Tho  divwion  of  JEcptileR  comprising  tho 
Offhidia  and  LocnUlio,  iu  whiuh  the  integumont  develops  homy  sc&los,  but 
uare  arc  no  derninl  o««iticationfi. 
BfMLLRRiDA  ( Lat.  ^ella,  star).     Somotimea  employed  to  designate  tlie  order  of 

ftbe  StAT-fbheo. 
Btslliporm.    SUr-stiaped. 

,>0M  (Gr.  i^ernon).     Tho  broast-bono. 
LOU  (Gr.  tioto*.  A  sending  forth}.     OffiiliootA.     The  connecting  prooessea 
of  aarcwte,  in  Foram%Tnf<ra  ;  tho  connouiing  tube  in  tho  social  AicidiaA*  ; 
the  proceues  Bent  out  by  the  ccenottnro  orcerUin  A  rtinoina, 
ftVOMAPODA  iGr.  noma,  mouth  ;  po«$,  foot).     An  order  of  Crvstacra. 
ST()MAT(>i>K((:r.  Ktoiaa).     I'oteessing  a  mouth.     The  Ja/u4oria  An  thus  oft«n 

called  tho  Stomatodc  Protczoa. 
STRErrtiPTEliA(Gr.  strrpho,  I  twial ;  imd  ftteroit,  win^).     An  order  of  Insects 

in  which  the  anterior  wings  ore  represented  by  twisted  rudiruDuts. 
STRtuivfRRiNA  (Gr.  ttrrpho^  f  twist;  rkina,  noatriLs).    A  group  of  the  Quad- 

rumana,  often  spoken  of  as  Proximiar. 
Sttliforu  (liat.  itijlus,  a  pointed  instniiuont;  forma,  form).      Pointed  in 

•hai>o. 
SuB-CAiTARKOUS.     Somewhat  calcareous. 
BCB-OCSTHAL.     Nearly  central,  but  not  quit^ 
Bo^rEDnivcirLATK.     Sup;>orte4]  upon  a  very  short  stem. 
frTB-BEBSELB.     Nearly  sessile,  or  withuut  n  stalk. 

eUTUHS  (Lat.  rno,  I  sow).  Tho  Liuo  of  junotion  of  two  parts  which  are 
immorahly  connected  topotfaor.  Applied  to  the  line  where  the  whorls 
of  a  univ&lvo  shell  join  uno  another;  also  to  tho  linos  mode  upon  the 
exterior  of  the  sliell  of  a  chambered  CV^Ait/o/wjrf  by  the  margins  of  tho 
septa. 
SwiiiMKiiETs.  The  limlxt  of  Cnitt<i'to,  which  are  adopted  fnr  swimming. 
STvruYsia  (Gr.  tumpkttsi4.  a  growing:  tr^ether).     UDion  of  two  bones  In 

which  there  is  uo  motion  or  but  a  very  limited  nmonnt. 
StMaitici'LjB  (Or.  tvhojtto,  I  ^ten  togetnor).     Transverse  props  sometiaies 
found  in  Corals,  extending  across  the  loculi  like  the  bars  of  a  grate. 

'TaBCLjB  (l^t.  tabuiot  a  tablet).     HoriEotital  plat«s  or  floors  found  in  some 

Corals,  extending  across  the  cavity  of  tho  "  thoca"  from  side  to  side. 
Tacttli  (Lat.  iatufo^  1  touch).     Connected  with  the  sense  of  touch. 
TARRo-ufrTATARSU-s.     Tho  sinjiTlo  bono  in  the  leg  of  Birds  produced  bv  the 

union  and  anchyUms  of  tho  lower  or  diKtAl  {tortion  of  the  tarsus  witb  tha 

whole  of  the  metatarsus. 
TAltBtJS  (Or.  tart<ni,  the  flat  of  the  foot).     The  small  bones  which  form  tho 

ankle  (or  "  instep"  of  man),  and  which  correspond  with  the  wrist  {carpm) 

of  the  onterior  limb. 
TkctibraNchiata  (Lat.  itrius,  covered  ;  and  Or.  (m^Aut,  gills).     A  dlriiton 

of  Opi^Jwhran^ikUe  Oiuterojtoda  iu  which  tho  giOs  are  protected  by  tho 

■MUiUo. 
'QpBorUKNTART  (Tjit.  ttffttmentum,  a  covering).    Connected  with  the  intogu-  ^^ 

n«Dt  or  skin.  ^H 

^^LHOBTXi  (Or.  tefno*,  perfect ;  ftffArn.  bone).  The  order  of  the  "  Bony  Fishes."  ^H 

■TKtAON  (Or.  telion,  n  limit).     The  last  joint  in  the  al>domen  of  Crutfiuta  ;  ^H 

rariotiMly  regarded  oa  a  segment  wiltinut   apjwiidagcs,  or  as  on  asygous  ^H 

apjieiidsge.  ^H 

TeHfiiTH  (Lat  for  back).     The  doreal  arc  of  the  sumite  of  nn  Arthropod. 
Tebkicoui  (Lat.  trmj,  earth ;  and  mh,  I  inhabit).     Employed  occasionally 

to  designate  the  Earth-worms  (f.umtiririda-). 
TSBT  (I^t.   tttta,  shell).     The  shell  of  MoHntfa,  which  are  for  this  reason 

vometiraes  called  '*  Tettacea;"  alsu,  the  calcareous  case  of  Ikhinoderwt* ; 

Alto,  the  thick,  leathery,  outer  taniu  in  the  TunietUa* 
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Testaceous.    Provided  with  a  shell  or  hard  cortaiaa. 
Tetrabranchiata  (Gr.  tetra,  four ;  brc^iaf  gill).    The  order  of  Ctpkaltfoii 

characterised  by  the  poBsession  of  four  gilUu 
Thalassicollida  (Gr.  thalauct,  sea ;  hoUa,  glue).     A  diTuioo  of  Protono. 
Theca  (Gr.  tkeke,  a  sheath).     A  sheath  or  receptacle. 
Thecosomata   (Gr.    theke ;   and  tonui,   body).     A   dinnon  of  PUnpod^t 

Mollatcg,  ia  which  the  body  ia  protected  by  an  external  sbelL 
Thebiomorpha  (Gr.  ^.r,  beast ;  morphe,  sliape).     Applied  by  Oven  to  Um 

order  of  the  Tail-less  Amphibians  {Anoura). 
Thorax  (Gr.  a  breastplate).    The  chest 
Tibia  (Lat  a  flute).    The  shin-bone,  being  the  innermost  of  the  two  booea  of 

the  leg,  and  curreapondlnp-  with  the  radiu*  in  the  anterior  extremity. 
TotipalmaT-E  {haX.  totuM,  whole;  paima,  the  palm  of  the  hand).    A  jtroap 

of  Wading  Birds  in  which  the  hallux  is  united  to  the  other  toes  by  mem- 
brane, so  that  the  feet  aro  completely  webbed. 
Trachea  (Gr   traeheia,  the  rough  windpipe).    The  tube  which  oooTeyi  ur 

to  the  lung^  in  the  air-breathing  Vertebrates. 
Trache-b.    The  breathing- tubes  of  InsecU  and  other  articulate  aainult. 
Traghearia.     The  division  of  Araehnida  which  breathe  by  means  of  tn- 

oheee. 
Trilobita  (Gr.  treis,  three ;  lobos,  a  lobe).     An  exUnct  order  of  CruMtacfaxt. 
Trochanter  (Gr.  trecho,l  turn).    A  process  of  the  upper  part  of  the  thijA- 

bone  ifeviur)  to  which  are  attached  the   muscles  wbion  rotate  the  limb. 

There  may  be  two,  or  even  three,  trochanters  present. 
Trochoid  (Gr.  trochos,  a  wheel ;  and  eidoa,  form).     Conical  with  a  Batbaie; 

applied  to  the  shells  of  J^oraminifera  and  Unicalce  MoUuk$. 
Thophi  (Gr.  trophos,  a  nourii^ber).     The  parts  of  the  mouth  in  insects  which 

are  concemod  in  the  acquisition  and  praparation  of  food.     Often  called 

"iristrumenta  cibaria." 
Trofhosome  (Gr.  trepho,  I  nourish  ;  and  mma,  body).     Applied  collectirely 

to  the  asseniblnpe  of  the  nutritive  zociids  of  any  I/i/'/riKoon. 
TftUNCATKD  (Lat.  tntnco,   I  shorten).     Abruptly  cut  off;  applied  to  uniTnUc 

shells,  the  apex  of  which  breaks  off,  so  that  tho  shell  becomes  "decul- 

latcd." 
Tl'bicola  (Lat.  tuba,  a  tube ;  and  coh,  I  inliabit).     The  onier  of  Anxtluin 

which  construct  a  tubular  case  in  which  they  protect  themselves. 
Tl'BIcolous,     Inhabiting  a  tube. 
Tusicata  (Lat.  tunica,  a  cloak).     A  class  Qi  AtoUuscoida  which  are  enveloped 

in  a  tough  leathery  case  or  '*test." 
TuiiDINATED  (Lat.  turbo,  a  top).     Top-shapod  ;  conical  with  a  round  base. 

Ulna  (Gr.  oknf.,  tho  olbow).  Tho  outermost  of  the  two  bones  of  the  fore- 
arm, corresponding  with  tho^i///(i  of  the  hind-limb. 

Umbellate  (Lat.  umMlu,  a  panwol).  Forming  an  umbel — i.e.,  a  number  of 
nearly  e<jual  radii  all  proceodiuLT  from  one  point. 

U.MBiLTCi's  (Lat.  for  navel).  Toe  ai>erturo  seen  at  tho  base  of  the  axi«  -if 
certain  univalve  shells,  which  are  then  snid  to  be  *'  perforated"  or  '*  um 
bilicated." 

Umbo  (Lat.  the  boss  of  a  shield).     The  beak  of  a  bivalve  shell. 

Umbhella.     The  contractile  disc  of  one  of  tho  Lucenuinila. 

U.N'ciNATE  (Lat.  niiciiioji,  a  hook).     Provided  with  hooks  or  bent  spines. 

XJNCit.TCt'LATE  (Lat.  vntjHis,  nailK     Furnished  with  claws. 

UN(iULATA  ( kit.  nufjida,  hoof).  The  order  of  Mammals  comprising  the  HoofiM 
Quadrupeds. 

UxGCLATH.     P'umishod  with  expanded  nails  constituting  hoofs. 

Umli.icli.au  (Lat.  iimis,  onts ;  and/"ci(/«j»,  a  little  purse).  Possessing  a  MDgle 
cavity  or  chamber.     Applied  to  the  shc-lls  of  Foramlniftia  aud  M>M»fra. 

U.viVALVE  (Lat.  »/<"j,  one;  vir/i-a;  folding -doors).  A  shell  composed  uf  a 
single  i»ieco  or  valve. 

Uiun)KLA  ((if.  o"nt,  tail;  dilos,  visible).  The  order  of  the  Tailed  Amphi- 
bians (Newts,  &c.) 
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Varicps  (Lat.  vnrir^  a.  Jilatod  vein).     Tbo  HflgM  or  spinoso  lines  which  omrk 

the  former  jwsilion  uf  Ibe  mouth  in  certaiu  uuivalvo  ttbultit. 
KTaaccu^r  (Lat.  nu,  a  venol).     ConDoctod  v[tb  tbe  circultiton'  Byatem. 
P^SarTHAL  (Lat.  penUr,  tho  itonuuib).     RclAtins;  to  ttio  Inferior  surfaco  of  the 

biKly. 
FBUCBS  (Lat.  rermis,  a  worm).      Soraotiraea  employed  at  the  pnM«ot  dajr  in 

tb«  same,  or  rary  oonrly  tho  same,  Kousa  as  Aunuloulu,  or  oa  Annuivida 

plua  tbo  A  narthropotia. 

ORM  (Lat.  armii.  worm  ;  tkuAfonna,  form).     Worm-like. 
TEBKA  (Lf»t.  tyrfo,  1  turn).      One  of  the  bony  aogmonts  of  tho  rertabnU 

column  ur  backbone. 
ITxitTLiiUATA  (Lfit.  rfrlrhra,  a  hone  of  the  back,  from  vertfrc,  to  tum).      The 

diviaioQ  of  tho  Animal  Kingdom  roughly  charoctertaed  by  tbo  poascssiou 

of  a  backbone. 
tfMBWVt  (Lat.  rrjion.  a  blndder).     A  little  aao  or  cyst. 
ViBRACULA  (Lat.  rt^o,  J  aboko).      Long  fllomeotoua  appeudogea  found  in 

many  folvsoa. 
X'lpRRiXA  (Lat.  viperOf  a  viper).     A  group  of  the  Brakes. 
VlvirAifi's  (Lat.  vietu,  alive;    and  fxirio,  I  bring  forth).     Bringing  forth 

young  aU?o, 

Whorc.    The  spiral  taru  of  a  univaWe  abelL 

^irmsTERNrM  (Qr.  xijthot,  aword  ;  tiemcnt  broast-bonol.      The  inferior  or 

postcrinr  B«((TaeDt  of^tho  sternum,  corresponding  with  tho  "  xiphnid  cortl- 

lage"  of  human  anatomy. 
[tPBOsnu  (Or.  xipMot,  asword;  and  aura,  taiU^      An  order  of  CnutocM, 

compniting  the  LimuU  at  Kiog-Crabs,  ohonctoriaed  by  their  I'jng  iword* 

like  tails. 

ZKUaLODONTlD.e  (Gr.  seMglc,  &  yoke  ;  odoHM^  a  tooth).  An  extinct  family  of 
Cetoccnns,  in  which  the  molar  teeth  are  two-buiged  and  look  as  if  ctmi- 
pose«l  of  two  part.4  united  by  a  uock. 

ZcXilD  ((!r.  xoi'ii,  ariininl ;  and  cutot,  like).  Tlie  more  or  lesa  oomplotely  in- 
dependent or^auifims  produced  by  gemmation  or  fisaion,  wbetber  these 
remain  attached  to  uno  another  or  ore  detached  and  aet  free. 

ZoopMTTE  (Gr.  zoGity  animal  ;  phuton,  plant).  Loowly  applioil  to  many 
plADC-Uko  aaimals,  sueb  as  Bpouge«,  Corals,  Sea'onemones,  Seamnta,  ke. 
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diatrilmtioD  of.  tn  tUne,  183. 

da.  18*i.  183. 
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Calcalra  poaator,  MO. 

CuiTNiO.  4&S. 

Catearoona  Bpongva,  97. 

C«*w#.  466 

CoKmoIh.  00. 

CftlfDora,  108. 

OllulM  of  Of»n(oUt«a,  79,  8L 

CViti^Mnivn.  384. 

Calclftovaa  Saml-rock,  313 

Coteimotkjur,  07.  08. 
CalUthrix,  406. 

OntJp«4M,  IBS. 

-                         Cai/ocyirt«iM,  130,  1S«,  133 

CtnlrtufuM.  S38.  S80 

^H^^   Colbvra/'^K.  7!i, 

Cfphainnptdrr,  81S,  »»l. 

^^^^«BbeopWidd.. 

O'jth/ttaMyU.  831. 

^^^^^■Mrm«M.  163.  167. 

CtpftiUttfHMta,    cliArartora   of.  STl 
fmllari  t>f.  lu  tiim*.  »76  :  Tetr^tiri 

^^^^Kl  imua^.  170. 

^. 

:f77 ;  DltiruicbUi^  SM, 

k 


INDEX. 


589 


■LI.  \SD,  IM. 

270.  187.  318.  999,  fl$4. 

,  M7,  Sa«,  MS.  343,  344,  345. 

m,Wt 
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n«,  410. 

l«.  308.378,370. 

1,430. 

tmvi,  430. 

Hda.SXi. 

'«.  UO. 

f^Uim  431. 

»;  couporod  wftb  the  AUautlc 
ib. 

»,  ftOl. 
318,  230. 
c/pAu,  430. 

170. 
MM,  ]»3.  IM.  103. 
■.  8!8.  827. 

m,  eboneiera  oC  460 ;  dlstribn- 
iu  tdne,  4<M. 
-lum,  33(1.  IISI. 
».  \67,  109. 
,  163,  107.  170. 
1. 369. 

DhanuiUn  of.  S&S;  illsLrilmtion 

110.350. 

>,  338,  M9. 
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:  PrdunCDUUrU,  162. 
,166. 
391t,  3S9. 
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CotvoJ/ctM,  331.  3:J3.  fiM. 

CoefiUotttM.  sse. 

CtztocfinfAini,  H2".  529. 

Cup/€ica7WAuj,  327,  320,  530. 
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Cootlnnlty,  GeoJoglca],  20-3(V 

Cunviaria,  370,  S7L 

ConuhiB,  ^t6k 

Com»,  249. 

Copepnda.  Ififi. 

Corallinfl  CrttfT.  355. 
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590 


INDEX- 


Cvmw.SOO. 
Ooraniua^  IM. 
C»ryikid«,  T4.7&,  7& 
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CMppeaioeKniut,  liM. 
dipnwttf,  MO. 
Cupulitpongia,  Aas. 
CvnorM,  SwS. 
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Cfpodoptfru,  499. 
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ifZM?f«>^^(r^u:A.■|,  ch*ract«-rt  of,  SS4  ;  fhm- 

•n.  T7-7ft. 

nies  of,  336 ;   dUtjiboUoD  of,  in  Utne, 

1.  873,  S74. 

SSA. 

a,  408. 

Klatmodtts,  836. 

',  M7,  411. 

KUphoM,  442-440. 

r 

Elk.  <.15;   Iri<»l),  455,  4M. 

upttu,  8S.  S3. 

mijm^ephatuM.  167,  160. 

tofComifora),  44S. 
ba/««.  m,  107, 100. 

Ktnaraintiia,  a5H. 
Bmydidai,  3&S.  3A0. 

tf<M.S7fl. 

Kmyi.  867.  350. 

livatve*.  SIS. 

h'tutluygauriii,  MO. 

4CS. 

KncnuuruA,  107,  170. 

Ml. 

A'rirriHU*,  U7,  683. 

MO,  364. 

£Vu^v<Tcu,  :jS4. 

;a<ice  Dfifuxawria). 

Endocewi.  473. 
KnoplottvHa,  170. 

IW. 

lAuf,  SSOi 

J5>iofijDC«HlAt«.  30*. 

WWf,  tl.  04,  86. 
IU.3M. 

laneton  of,  343;  dlrtrihntion  Of. 

JJufointwrfrorfl,  ^^6. 

SI4.  543.  MS. 

Kntrochal  M&rble,  1S6. 

;  4W 

BoctM  p<^ri^MJ,  rode  of,  M«;  Ulto  Of.  M 

inn  araptoliUs,  83,  U. 

flora  of,  MO. 

-o.  41:;. 

fbpl^ton,  474,  477.  478.                              *[ 

IM.  137. 

827.  n»,  345. 

Awmrvc.  SM.  300.  870. 

B. 

Boteorpitis.  183. 

fOS.  31S. 

JB»]»«^.«6. 

r.  aoa.  SIS. 

Son0ii;es. 

trit,  l&V.  100. 
I.  J07. 

4,  M,  A3 

enla  (CorabX  OS. 

£^lf^lac««,  47S.  474,  4B0,  4fi7. 

tru.  15P. 

SqvitttitM.  470,  4^V.  494. 

138.  14 1». 

RjmiM,  4S8. 

urmt,  3M. 

£rirA(Ay».  177. 

J7. 

Jirinacttdir,  408, 

rtwm«34. 

£HfHUvtf«.  403. 

irHm.  434. 

JBminMa,  137.  141, 141 

«.  3M. 

Jfryofi,  178.  170. 

rnwm.  409.  U2. 

Btekara,  107.  106. 

180. 

AwAarMfir,  107, 

rj,  ISO. 

Mteharina,  IfiS. 

11.400. 

faorirf^E.  310. 

•nu,  4M. 

KMtheriA,  167.  158, 169.  S24.  888. 

109. 

Kutima.  251. 

Cd».  100. 

fniMmto.&Sl 

BO. 

Euomphaiw,  S&5,  250,  964,  965.  854. 
EupQXmffUA,  100. 

pHaUu,  MS,  MA. 

ItepAoftf  ria.  184. 

40«.407. 

AtpMmfm<J«.  100. 

•.no. 

Burypterida,  145. 148,  171,  174,  17J. 

midm.  100. 

JhirypCerti«.  173. 

nw,  109. 

Atnwttfrfium.  530. 
JClMMlrMuruj,  877. 

mMf.  109. 

rnwfa,  elmnclm  of.  lOS; 

ordan 

ExofpB&B,  473. 

:  dUtilbttUun  of.  Id  time.  101 

Exnffvra.  WO. 

m,  SM. 

i^nimfitu,  123,  127. 

rrinuM,  ISS. 

«,  cbBnrteni  of,  103;   dUtrilm- 

Foctil  intnra  of  Triloblte*.  101 

inUitic,  100;  fuullleaof. 

109. 

FOfUM.tM. 

lida,  109. 

Fftlana,  558. 

iM.  109. 

r*»et€utaria.  106. 

Avn'lci.  133. 

Fateiolarin.  147. 

110.  112. 

/'aconii**.  529. 

iM,3Sll. 

fdr(»riiidff,  07,  lOOi 

^  rbftractcn  of,  413 ;  dUtrfbaUon 

raromoiif^ia,  CO. 
Fnvufaria,  401,  403. 

lin«.  414. 

IBS. 

i-V/u/iv,  440,  4S3,  454,  455.  456. 

itrw.SOS. 

/•rVu.  455. 

«,  6S7. 

FentHttla,  196, 100.  &9B. 

ia=^^       «? 
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FenesUllidm,  105. 

Fietu,  499. 

Ftluses.  475.  4S5. 

Firolidtr,  262. 

Fisajon  of  Corals,  04. 

Fisturella,  258. 

FiMurellida;,  258. 

FtabeUttm,  UO. 

Flints,  origin  of,  69. 

Flora  of  the  Cambrian  period,  477;  of  the 
Silurian  period,  478 ;  of  the  DevonlaD 
period,  480 ;  of  the  Carboniferous,  486  ; 
of  the  Permian  period,  494 ;  of  the  Trins, 
498  ;  of  the  Jurassic  period,  497;  of  the 
CretaceoQS  period,  499  ;  of  the  Eocene, 
500 ;  of  the  Miocene,  501 ;  of  the  Plio- 
cene, SOS. 

Fluttra,  198. 

Foraminifera,  chantctera  of,  60;  test  of, 
61,  63  ;  dtstributiun  of,  in  time,  62-0& 

Forest  Marble,  536 

Formation,  definition  of,  7. 

Fossil,  definition  of.  2. 

FouUisation.  84. 

Frondicularia,  537. 

Fncoidal  Sandstone  of  Streden,  477,  614. 

Fncoids,  477,  479,  474. 

Fulica,  392. 

Foller's-Earth,  536. 

Fungid<r,  97, 100. 

Ftuulina,  64. 

Fums,  243,  247,  248. 

Qadidas,  318. 

Qal(pctfnu»t  454. 

Galatea,  178. 

Qaleoce.rdit,  335,  340. 

Galfriteg,  U'4,  109. 

Galegte9,  406.  411. 

Ga/tinacet,  394. 

OamtnaruM,  176 

Gampstmyx,  ITit,  177. 

i!anocepha(a,  352. 

QanodtiM,  33t>. 

Ganaidt'i,  (.'harflcters  of,  320;  sub-orders 

of,  32-_' ;  distribution  of,  in  time,  822. 
Ganoid  scales,  307. 
Gasteropiida,  t-hanictors  of,  240 ;  shell  of, 

242;  families  of,  244;  distribution  of,  in 

time,  245. 
Oastomis,  390,  394. 
Ooftrocha-na.  230. 
Gajttroehcenidie,  218,  239. 
Gault,  540. 
Gaviai,  3iJ6. 

Gcmniiilicm  of  Corals,  93-95. 
General  suiJcesHiou  of  oryanic  types,  52-55. 
Geological  continuity,  20-26 
Geolojiical  record,  imperfection  of,  32. 
Oeophilm,  184. 
GfutvufhiH,  2118. 
Geotnjpm,  463. 
Gepfn/rea,  130. 
Gerviilia,  2-J3.  224. 
Glraire,  43ti,  437. 
Glabella  ..f  Trilobitos,  161. 
Glacial  dt'iiosits,  5Jif. 
Glacial  bIicIIs,  ."iSit. 
GlaucoiKiinc,  VM. 
Gleiiituchia,  503. 
Otircs,  45t>. 
Globifferina,  60,  02,  66. 


Olobutut,  261. 

Olomodtu,  S39. 

Qljfptoerinut,  120. 

Glypt«cyttites.  US.  131 

GUuptodfpten'nt.  320,  S27,  828. 

Gfyptodon,  41«. 

Oiyptoiamus,  326;  327,  328. 

Gtyptclfpis,  326. 

Gtyptt^tomvs,  826l 

OobwUrn,  318. 

Gomphoeertu,  iSS,  285. 

GompholepU,  520. 

Goiiioiter,  111,  112,  114, 115. 

Goniatitc*.  276,  2S7,  28S,  289,  534 

Qoniocenu,  284. 

Qoniodixut,  111,  114,  115. 

Chniopholis.  S67. 

QoniophyHum,  99. 

Goniotponffia,  637. 

Qordia,  142. 

GorgonidcB,  101. 

Graculatus,  390. 

GraUatores,  392. 

Grant ia,  69. 

Graphuiaria^  101. 

Grapgut,  180. 

Graptolitfj,  60,  81,  B2. 

GraptolUidiKf    ctutrsctera  o^  79;  iSitii- 

butlon  of,  in  time,  79.  32. 
Great  Oolite.  536. 

Greensand,  Ixiwer,  540 ;  Upper.  542. 
GrevUlia,  499,  502. 
Gri^thidtM,  167,  171, 
Grus,  392. 
Gryphaa,  220,  221. 
Guard  of  Beleinnite,  297. 
Oitettanlia,  543. 
Gulo,  452. 
Guynia,  99. 
Gymnodontid/r,  318. 
GymtviUrviata  {I'vlyioa\  192. 
Gjfmiifisomata  {Pteropoda),  2tf9. 
Gyninoapernis,  473. 
Gypseous  Series  of  Montmartre,  54?. 
Gfracanthug,  338. 
Oyroceras,  2S3.  286,  291. 
GyropCychitiji.  326. 
QyroprUtig,  530. 

Hadrotaunu,  377. 

HaleyomU,  390,  395. 

Halicore,  418. 

Haliomma,  66. 

HalwtidcE.  256,  264. 

Ualiotis,  256,  257. 

XIaligaurv-g,  365. 

llalitheriuin,  418 

Hamilton  period,  522. 

Ilamitet,  276,  238,  292. 

Hamster,  459. 

Haplticrinus,  126. 

Haplophkhium,  185,  1S6. 

Hapl'-jthyttia,  99. 

Harlech  Grits,  512. 

JfarpedidiB,  171. 

IlanfH,  163.  171. 

VaiUrio,  363. 

Headon  Series,  549. 

Heart- urchins,  H  9. 

Helderbci:6   series,   Lower,  517;   Uppff. 

522. 
if eltotfnra,  96. 


1  of  FtihM.  812,  318. 
ru.-luni  Kit,  MS;   fBiutl(«s 
butioQ  of,  in  time,  3I&, 

B»,  430. 

119. 

M.  890. 
4S9. 
30. 
;on«,  231. 

I,  Sig,  281.  28S. 


IBSS. 

ttermda),  244,  845.  S&O. 

18. 

I.IM.  1B7.  170. 
of  PisheB,  Sin,  S18. 
INMlU.17. 


■riod,  61«. 
,  rock*  of,  fill. 

^403. 


7a«eAit«,  4BS. 
ZanfAtMOt  358. 

JehthytrpeUm^  352. 
/«A/Ayo«n'nii«.  IM. 
IffLthyodurulites.  317,  335,  M«,  U7. 
lehthjfomorpha,  S4T. 
/eAtAvo]]<«rv^.  308.  IN,  370. 
/eA(AvoMurta,  808. 
Mthi/owvruM,  see,  S70. 

Jrtitfw-nHia,  452. 

Iiliochftt/t,  SS9. 

Idmoma,  1<J7,  198. 

/(ruafiodim,  ST7,  378. 

/llfvniM.  161.  Itti.  lOa,  104.  IflS. 

I  rnporf Action     of     tiic      Palipontological 

lUconl.  aT-»9. 
Jnartieuiata  (Brachiopoda),  302. 
Inferior  OoUte, 
InfuMoria,  2S.  M. 
lofOMrUI  Earth,  ST. 
Ink-bate,  of  Cuttk-Hshfii.  '273. 
Tnofrramiuc,  22S,  '.'31,  !^S^. 
Intfcta.    characters   of,  tS5 ;    ordcn  of, 

1S7;  dUUibutlou  of,  in  lime,  18i.   ISO. 
fnteetitora,  cbaractcn  of.  4«3 ;  familie* 

of,  463  ;  dUtHbuUon  of,  Ut  Umv,  401!. 
/iMCMorex,  383. 

31 B. 
Invotufina,  837. 
Ihi.h  Klk,  43A,  430 
Irrripilar  l-»ituuitlii,  107. 
iMUtraa,  &S7. 
I»ehadii49, 1% 
lachiodut,  8M. 
iMXUrtlte,  384,  3S& 
l90peda.  uhancten  of,  170;  distribution 

ol,  in  time,  170. 177. 
/uTui,  184. 


17,  8M.  884. 


Jarkann  bed*.  630. 
JeU)r-fl>hes,  T4. 
Jwboa.  400 
JvglonM,  400. 

JuTWuito  prrlod,  rocke  of,  635 ; 
6S7 ;  Son  of,  497. 


life  or, 


Rrtora  of,   78 ;    diviiloni 
utioD  ot;  la  tUiie,  74. 

n. 


V0. 100. 
«.  480.  487. 
80,107. 


Kaidaettrptnfi,  490. 
Kangaroo,  400.  412. 
KniiEcaroo-nt.  408.  411,  413. 
A*eralf>M  (SpoHffidaX  07. 
Koupor.  031. 
Klcnnioiid^CIay,  080. 
KltiKCnibM,  174. 
/ffM>rr(fl.4l»l. 
Kvnu%ckia,  MO.  OM. 
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Koninekinida.  SOS,  906. 
KteMn  beds,  631,  6S3. 

Labyr^nikodon,  86S,  S60. 
Labyrinthodontia,    chuacten    o^  S50; 

dktribatioD  of.  in  tina,  S&S. 
CAoe-conli,  19S. 
Locertidce,  884. 

LoeertiUa,  S&fi  ;  cbanusten  of,  Ml ;  dis- 
tribution of,  in  tims,  S02. 
Laiapa,  377. 
.Lomodipoda,  170. 
La^ena^  00,  01. 
LaffOtmf$,  467,  46S. 

LanwIwrancAiota,   ehuwten  of,  S14 ; 
sheU  of,  S16 ;  diriafou  of,  918 ;    di>- 
tributlon  of.    In  time,  819:   tkmUlea 
of,  8U-240. 
Iittmna,  840. 
Xamnodiu,  320. 
Xoorruff,  8M.  SOS. 
LauracMB,  601 
lAanntiu  period,  rocks  of,  610 ;  lib  of, 

611. 
Leaia,  168, 160. 
Leda,  228,  828. 
LegujiUnonUt,  500. 
i/CVNion,  805. 
Lemming,  460. 
LemuruSa,  484, 48& 
Lepadida,  160 ;  shell  of.  163.  l&S. 
Lepadoerinitet,  129, 130,  183. 
Lepa$,  163,  154,  165. 
Leperditia,  156,  157. 
LepidtuUr,  111,  115. 
Lepidodendrofds,  475,  489. 
Lepidod£ndron,   474,  475,  480,  483^   490, 

491,  494,  529. 
Lepldoganoids,  822. 
LepidapUurida.  325. 
Lepidophbtiot,  474.  480,  489,  491. 
Lepidoptera,  180,  187. 
Lepidotiren,  342,  343.  345. 
LepidotUidtx,  322,  323. 
Lepidostetu,  320,  823. 
Lepidvttrobui,  491. 
Lepidotidm,  324,  S25. 
.L^ptdoftu,  325. 
LeporidcK,  457. 
Leptaeanthiu,  338. 
Leptcma,  208.  210. 
If«pferp«ton,  352. 
LeptoUpida,  315,  324,  325. 
Leptolepis,  S24. 
LeptophtcBum,  480. 
LeptoteuthU,  295. 
£«inM,  467,  458. 
Leskia,  131. 
Liofl,  535. 
Lichada,  170. 
Lichat,  171. 
LierophyctU,  479. 

Ligsment,  of  Bivalve  MoUascs,  215. 
Lima,  222. 
XtnMtcidfT,  267. 
Ximocinuitr,  289. 
Ltmnadia,  159. 
/.imnoHi,  246,  267. 
LitnruBidtr,  287. 
Limu/iM,  163,  171,  172,  174,  175. 
LinguUt,  203.  213,  530. 
LingnU  Flags,  613,  614. 


Lktffidida,  908,  lOS,  til 
Li^ttufamfrar.  601 
LiruKfendrm,  600.  601,  IMl 
Lithentomumt  186. 
LitAodomtu.  135.  811 
LUhomia,  800,  896. 
LitogtuUr,  171 
Ifittorina,  264. 
Lit torimd<v,  SM. 
LUuita,  381,  888.  396. 
ZUuoIa,641 
Lizsxds,  881. 
Usnberia  SUtes,  611 
Usndetlo  Rocks,  618. 
lilandovery  Rocks,  510. 
Ztoboetenia,  637. 
LoganoffraptuM,  614. 
London  CIsj,  641 
Longmynd  Rocks,  612. 
LoMdaUia,  94. 
Lophiodon,  421 
Lt^hobraiichii,  318,  821. 
L^hohtlia,  08. 
X<^hof>«a,  104. 
horieata  {ReptiHa\  S55. 
Z/orifMiAt,  162,  154,  155. 
Lower  Cretaceous  Rocks,  &4L 
Lower  OoUtea.  635. 
LocMMina,  251,853,  634. 
iMeemarida,  73,  7^ 
Lucina,  234. 
LueinidcP;  218,  234. 
Ludlow  Rocks.  518. 
Luidia,  111,  114. 
Lutra,  452. 
Lutraria.  238. 

Li/copodiae€ir,  474.  480,  482,  490. 
LycopodiUs,  474, 480. 

LycoAt,  isa 

Macaeng,  468. 

ilacellndon,  384. 

Maehairodvti,  456. 

Maclurea,  215,  263.  284. 

JfneraurArnia,  433,  434. 

Macroeh4'ilii»,  251. 

Maernpodidce,  408,  411 

itacropoma,  337. 

MacrogpondtjluM,  367. 

Maerotheriuin,  414. 

Jfacmra,  178,  179. 

Mactra,  238. 

MactridcF.  218,  231 

Madrfpora,  96. 

Madreporidat,  97,  100. 

Hailre|>orironn  tahercle,  108. 

Meestncht  beds,  540. 

Malaeodermata  Zoantharia),  88 

Malacopteri,  315. 

Malaeortraea,  175- 

McUocngtitef,  133. 

.tfammo/ta,  characters  of,  397:  akrirto 
of,  39S;  dentition  of,  403;  distribotla 
of.  In  timf>,  405;  orders  of,  400. 

Hanimoth,  443,  444,  445. 

Manatidte,  418. 

HandibleH,  of  Cpphalopods,  273. 

Jfani>,  413,  414. 

Man»n,  543. 

Mantellia,  497.  491 

JfampobrancAti,  314. 

Harsapial  bones,  401 


INDEX 


aotencr,407;  dlstribn- 

JtfurfAuonm,  357,  356,  tA4. 

40B. 

Mttrtx,  247. 

tt. 

Muricida,  247. 

^'^ 

^wnrffr.  45&.  4«S. 

MtiM-hplkdlk.  &S1. 

k 

Mask-ox.  440. 

jrwttta.  4bi. 

tiuMtetida,  440.  452. 

A 

Mutiiatn,  417. 

.  SS7. 

.Uwti*i</«,  218,  238. 

W,»H. 

1«. 

JTyMfM,  4«5.  4MI 

,415. 

JTyJ^ii.  843. 
Mylodon.  414.  419,  41S. 
JtfyDdrf.  409. 

JTytipftor^.  SSS,  330.  KS4. 
Jtfyo|»{«inrM.  459 

«. 

MvMfSda,  440.  463. 
JVyoxtM.  4«0. 

i9. 

MynaniU*,  143. 

iTftctan  or,  171 ;    Mib- 

Myrimpada^  rluncton  of,  18d  ; 
tlon  or,  In  titno.  IM. 

:  distribn 

H. 

afyniwcofeiiM,  405,  408,  4W. 
UymmizhM,  44^ 
iryn«,  177. 

*. 

m 

Mylilida,  318.  ZSS. 
Xyeifw,  339,  590. 

ti. 

90.  6)1. 

a. 


00. 

I,  625. 

twki  or,5&t;  Ufe   or, 

1. 


tta. 


sn  or,  187 ;  Bh*U  of;  187- 
Dor,  Id  t^ma,  180. 
chumcten  of,  100 ;  dlvl- 

wtos  or,  100 :  diTtslons 


173. 

rM,  318. 
imptolllea,  St. 

,nct«n  or,  40C 


MS. 

4. 


oe.  594. 


NacrMci  BhcIU,  138. 
AoMd,  348, 
JVlMIMI.  441. 
yatattmt,  801. 
A'uiiea,  ZOO. 

^afwninr,  351. 

SautiiuitE,  rhunvinn  of,  SSI ;  nhnll  or, 

2711,  SHI :  iliitribtition  of,  tn  Ume,  381. 
NautUoid  F()rnmiiiircr&.  GS. 
NsntUas.  Pearly,  ^77  ;  P«|ier.  904. 
yauHiut.  274.  370,  377.  378,  S80,  S81,  383 
Sfbatia,  160. 
yeerogavimarut,  176. 
yeolifnvUua,  174. 
Nereitat,  U^. 
Iftrinta,  363.  634. 
^«rtfa,  256. 
X0ritidm,  356. 
JVenCtno,  S&6. 
NtuToptera.  186,  IM.  187. 
NeuMfUri*.  476,  483,  4M.  406,  407.  &S5. 
yipadittt.  SOD.  501. 
Amfomn'a,  00,  6± 
ytiygeraihia,  475.  404.  406. 
Norwich  Cng,  655. 
yothosaunit,  879. 
AV'fMoniJx,  :t35,  340. 
yotoUktrium.  413. 

A«el#o6rafieAKita  (He  i/#f»ro#8<Bi  Wi- 
SutUotilu,  537. 
ANC«<a  3S8,  237. 
^Mdi6r«fUiAta<«,  346. 
Jiuw^tnivs,  803. 
yumtnt$liU>t,  «2.  64.  05,  540. 
NunimuHtic  LImwUHie,  W. 
.VufAWrx.  304. 
AyMo,  51)3. 

Obo/rUa.  SIS.  314. 
OMm.  813. 
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Oc«anic  HydroBoa,  74. 

OctopodideB,  S75.  204. 

Oeutinida,  97, 100 

OtUmtagpis,  335,  340. 

Odmtoceti,  41V. 

OdontopUria,  480,  487,  408,  499. 

Ogvaia,  107, 180- 

Oldhamia,  79,  195. 

Old  Red  Sandstone,  620.  6S1. 

OlenidoB,  107, 108. 

OUnus,  107,  168. 

OligocfuHa,  130. 

Oliva,  248.  249. 

Otivella,  249. 

Ommattrephet,  295. 

Onchtu,  3^15,  337. 

Onutru*.  161,  176. 

OoUtic  period,  rocka  of.  535;  life  of,  537; 
flotm  of,  497. 

Ooze,  Atlantic,  S3. 

Opercviata,  266,  268. 

Operculam,  of  CirripedeB,  150;  of  Enryp- 
terids,  173 ;  of  Lltnulus,  174 ;  of  Gas- 
teropodi,  241 ;  of  Maelurea,  263 ;  of 
Theea.  270. 

Ophiderpetont  852. 

Cfjphidia,  characters  of,  800;  dlstribntion 
of,  in  ttme,  800. 

OphiUt4l,  S50,  264. 

C^iocMTia.  117. 

Ophiodtrma,  117. 

Ophiolfpu,  117. 

Ophiomorpha,  347. 

Opkiura,  110. 

Ophinroidea,  characters  of,  115;  distribu- 
tion of,  in  time,  117. 

Opisl/iohranchiata,  245. 

Opi^thoca-lia  (Crocodilia),  360,  368. 

Opossum,  411. 

Oracanfhus,  338. 

Orbitviden,  62. 

Urbitolite,^.  62,  72. 

Orbutina,  01. 

Orc.hentia,  176. 

Oreaxter,  114,  115. 

Organic  types.  MuccesRion  of,  62-54. 

Orisknny  ti;in(istone,  532. 

Omvoxiilon,  474,  482. 

OmithorfiitnchnJi,  406,  407. 

Omitho^efli'la,  377,  380. 

Ornithomiiria,  375. 

Ontdiu,  liW. 

OrthiM.  208,  209. 

f>rtAi»uw,  208,  209. 

Orthnceran,  276,  2S3,  284,  534. 

Ortfinceratid<r,  276,  283. 

Orthontttu.  225.  226. 

Onknjifera.  185,  186, 187. 

Ortonia,  ."ilS. 

Osborne  Hcrics,  54i>. 

OHJiieroidz-jt,  310. 

OxteoUpix,  321.  .^26.  327. 

Oatraci'intida',  318. 

Ontracodn,  characters  of,  1 56 ;  distribution 
of,  in  time,  156,  157,  633. 

O'iiftW^^st*?*,  323,330. 

(intrea,  220,  221. 

Ostreidm,  218,  21D. 

Ofw,  302. 

Otodwt,  340,  341. 

OUtzamitCH,  497. 

Otozoum,  533. 


OtuEmoiiott,  863.  873,r4. 

Ovarian  capnUei  of  OnptoUtM,  n. 

Ovarian  pyramid  of  Cjatidetiii,  UL 

Ortfroi,  440. 

Ovlcell.  19S. 

Ovida,  437,  489,  441. 

Ovig,  439. 

Oxford  Clay.  630. 

OxyrAino,  840,  Ml. 

PocAydernuifii,  423. 

Paehypteritj  408. 

/'o^Ayrurnus.  234.  236. 

PachyterU,  90. 

PachuUuea.  474,  480. 

Paddfpfliih,  333. 

POiffUridoB,  ISO. 

Pewunu.  180. 

Paifrarca.  228. 

PaUrtutir.  in,  114, 115. 

PatecAintu,  108, 110. 

Pai^ga,  177. 

PaUrichthyei,  345. 

/'aleeinorAuji.  160. 

PaUxoehorda,  142. 

/^a/awcoma,  114, 115. 

Pataeocorsme,  75. 

Pateocrirwnd*.  123,  12& 

PaUrocyelut,  97. 

Pataocuon,  454. 

PaUroditeut,  114, 115. 

Fa]aK)lithic  Han,  46S. 

PalcPfymanfm,  68. 

/'ato'ontwu*,  323,  530.  531. 

PttlcKonyetUi,  452. 

Fiilteon  to  logical  Record,  finperfectiflB  o( 

27-39. 
Pftla'OiitolotT,  dcfluitiOD  of,  1. 
/•rtfrt^rt;>Ai*,  381. 
Pal(rophijenit,  477,  473. 
Paltroptrrit.  4S5. 
PalfT'-pj/ije,  167. 
PaliPOfanriui,  3')?. 
PaUrofiiren.  347. 
J'altrogpalar,  463. 
PaUemjHjmna,  08. 
PaUrnthtrnhr,  427. 
PaUfotheriuTH,  427. 
PatfTotrinfia.  390,  302. 
PaftriTfilm,  403. 
PatapU'rtfX,  390.  3i>4. 
PalcLslerina.  114,  ll5. 
Pali  (CoralK),  92. 
Palinurug,  179. 

Pnllial  line,  of  Bivalve  shells.  iW. 
P:illial  sinus,  217. 
Palmaciten,  494. 
PaludiffHca,  1P4. 
Palmiina.  215,  2i5. 
Palutlinitlfr.  255. 
Pandanftr,  4iW. 
i'flHrfontM.  4i<y. 
Panojxea,  23S. 
Piilier  N.mtilus,  294. 
Paradi'XuUe,  Ififi 
Parad-xidfit,  lfi7. 168,  169. 
Paraiiturieea,  99. 
Paranmilia.  543. 
I'arkeria,  65. 
Pagnereg.  SP5. 
Patella,  242.  239. 
PatfllidcB,  259. 
/"ourfljwdo,  183,  184. 


,978. 

196. 497. 408,  S3S 


bUdMTti.  13£ 


UO.  l&S. 


T.  IS8. 


phibia\  M«. 
on  of,  jji  time,  97 


10. 

or,  SB8:    lUe  of. 


L9. 


i,S06;  of  Belem- 


of,  1A9;  distriba- 


PUaotiu,  «5S.     ' 
PiUofmis,  2&9. 
PiniUt,  493. 
pinna,  223,  224. 
Pinnigrada,  448. 
/*MiAipd{/ia,  447,  448. 
Pmnu/an'a,  477,  478«  482,483. 
Pisania,  247. 

Pueeji,  cltiirsclpnt  of,  306;   nrden  Of,  815: 
dintributlon  of.  In  lime,  313. 

Pigidkum.  i'M. 
Pi4to4auru4,  87S. 
Pltuodu*.  SM,  3TS. 
Placonnoids.  822. 
Ptaeoldei.  SOT. 
Flaooid  iMl«,  307. 
PUuvnopeit,  221 
Pt^rtawox.  40(1,  411. 

i'lacr&MCoina,  i'it. 
PUmtatomi,  »S6,  S38. 
Pbin/)r&<f,  24S,  iti&. 
Pt^HtiffradA,  4  48. 
PUfaniM.  &0»,  503. 
Ptatax,  SIS.  Bl*. 
PUUtpktm»r9,  IRS- 
Ptatycenu,  S&8.  2S9. 
PlatyCTinuB,  120,  183,  IM. 

flatifrhina,  40i. 

Ptalymmtiida,  835. 

PJotyMiNiu,  3^  53P. 

Platyittoma,  &34 

PUtrtofrnathi,  SIB,  SSI. 

PfMfrwrfiu.  838. 

PUfMuMiurui,  STO. 

PbnoHurtu,  371,  372. 

PUtiotffra,  403. 

PtMinwantAiu.  S3&,  336.  S4l 

PIncrM(«r,  11& 

PttvnbranfhidiK.  301. 

PUweyttitet.  130. 

Plrarvdwyvm,  07. 

Pleurodont  LiunlR.  BAl 

PUttnmeHdif.  817.  SIS. 

PiMmtoiM.  340. 

Plnir«tonarfa.  367,  tS4. 

PffMfwfa,  123.  S». 

Pliocene  prrlml,  rankitof,  654;  UTtooT.  667. 

(lore  nf,  608 
PiiopitM*CV4,  4fiO. 
r,37t. 

Ul. 

Poilneartftl,  499. 

Podopht'halmata.  176,  177. 

PodoMiiurf.  47rt.  497,  433. 

PuikitifpUvron,  377. 

Poltieiptt,  164 

Pol)/calia,  100,  6>9. 

Polyt-yttifta,  08,  07. 

Polntx-dile^.  4(»8. 

Pitl^pothtcia,  MS. 

Potpyt«rini,  t'Zi. 

Po/vpbrvi.  831. 319,  821.  337. 

PoiutrtfmA,  64. 

Potifsoa,  cS*rafter«  of,  190  ;  nrdor*  of, 

IM  :  dUtrihutioD  of.  In  time,  196. 
rol^zoArium,  190. 
PoimiMr.  600. 
PoramAofritof,  S09. 
PottMltana,  18*. 
Portiltia,  345.  368.  386. 
Pcritet,  90. 
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Poritida,  97, 100. 

Porotponffia,  5S7. 

Portland  Stone,  6S6. 
Poridonomya,  2SS,  324. 

Post-Glaclal  depwits,  500. 

Foet-OUclal  Hamniab,  500. 

Post-PHoceDe  deposits,  657. 

Foat'PlloceDe  Hammal^  567. 

Potami(U8,  251 

Poterioerinu*,  128. 

PothociUs,  475,  494. 

Potsdam  Sandstone,  613,  514. 

Prae-artturug,  177. 

Pne-Giacial  deposits,  658. 

Fne-GlaciRl  Hammals,  658. 

PreMtwiehia,  176. 

PHmitia,  150,  157. 

Primnoa,  09. 

Primordial  Zone,  107, 168,  51S,  614. 

Priona^roea,  537. 

PrUUrod(m,'i6^ 

Proboteidea,  characters  of,  442 ;  distribu- 
tion or,  in  time,  443i 

Proboscis,  ofCrinoids,  119, 121. 

Proeatlia  (CrocodUia),  360,  SO*. 

Proeyon,  451. 

Producta.  210,  211,  680. 

ProdwUida,  202,  210. 

ProetidtB,  171. 

pToetui,  171. 

ProDgback,  437.  438,  439. 

Pro-ostraenm,  297. 

Prombranchiata,  245. 

ProtopuniscMt,  177,  520. 

Prutarea,  87. 

ProUuiter,  116.  117. 

Proteacfce,  499.  5j2. 

Protichnitet,  ltt7. 

Protohjcosa,  182. 

Proti>jiHhccu-n,  465. 

Prot4fptcri,  342. 

Protoptfris,  4S2. 

Protornut,  S9'i,  :J95. 

ProtoniMitni-t,  356,  362,  530. 

PrvtoneriM,  5a7. 

Prvtotaxilex,  474.  4S2. 

Prvtovirr/ularia,  l<'l. 

Protovia,  fhiinn.'t»;rs  of,  59 ;  diviaiona  of, 
59 ;  distrilmtion  of.  in  time,  59,  60. 

Prunocf/Htiten,  i;W. 

PmintfUibia,  237. 

P$aminodu4,  338.  339. 

/>*rtronm,f,  474,  475,  482.  485,  495. 

Pxeudocrimu,  130,  133. 

Pgewlniieuroptera,  185. 

P^eudontiiewi,  174. 

PtewkucoruioniiifP,  182. 

Pidlocephaiun,  16i* 

Pgilopht/ton,  474,  4S0-482. 

Pgittacitl/r,  395. 

Pnolw,  135. 

Pteraiq>in,  331.  332,  337. 

Pterichthj/x,  331-333. 

Ptcritiea,  224. 

/'(CT'W.  480. 

Pteroeeran,  246,  247. 

PterodacO/liUi,  374,  375. 

Pterophi/llum.  470,  494,  497,  533. 

Pteropidte,  461. 

PtfTopoda,  characters  of,  269 ;  shell  of, 
269  ;  onlers  of,  269  ;  diutributiun  of,  in 
time,  369,  270. 


/■teroMttrio,  ehaxietsn  ot  ir4;  diiMi- 

tton  of,  in  time,  875, 
Pterotheea,  270. 
PUrygot%u,  173,  ITS. 
PUiodietya,  196. 
PtUoffrapnu,  78,  79. 
PtitomtuUr^  116. 
Ptilopora,  196. 
PtycAoeertu.  270,  288,  393 
Pt}fchodu»,  839,  840. 
Pu/nion^«ra,  241,  245,  365. 
i>«po,  246,  367,  267. 
Pur  beck  beds,  536. 
/*urp«ro,  248. 
Pui-purina.  248. 
Purjmroides,  638. 
PycncHloiif tdtf,  325. 
Pygeuter,  1h9. 
PygatUut,  109. 
Pygidium,  161, 164. 
Pygocephahu.  177. 
PygopUniM,  530. 
Pygurut,  109. 
PyraTmdfUMte,  251. 
Pyrgia,  97. 
J^rj^omo,  153. 
Pyrifia.  109. 
Pyrvla,  247. 
i^(Aon,  856,  360. 

QtuKirumana,  chararten  of,  464;  ««tioB 
of,  404 ;  distribution  of,  in  time,  4«44Mi 
Quebec  group.  613,  514. 
Qiureiu,  499,  600. 

Itadiata,  73. 

Itadiolaria,  characters  of.  64;  Jirtnlc- 

tion  of.  in  time,  66. 
Itadiotites,  23-2. 
Itaia,  341. 
JiallHJt,  392. 

Jiairiphorhffncktts,  374,  376. 
Jiam,  349. 
Itanella.  247. 
itanieeps,  352. 
Jlaphvinavnts,  304. 
Jiaptnrei,  395. 
HaiHtreg,  294. 
Jiantritef.  80,  84. 
liafitiP,  S*t3. 
Kays,  341,  342. 
]lc<'*?nt  period. 548,  558. 
Heceptacnlite^,  71,  72 
Bed  Cnral,  102. 
Red  Crac.  655. 
Reef-buildinR  Corals,  95,  96. 
Rej^ilar  Kcliinoids,  107. 
Rfin-dcer.  436. 
Ueptilia,  eharacteni  of.  353 ;  onlm  (rf, 

355  ;  dJntriliution  of,  in  time,  S^ 
ReqxtUnia.  230. 
Hftf}>ora,  106. 
Jietictilipora,  544. 
lietUdites,  80. 
littzia,  206. 
JihabdopJfiira,  80,  194. 
Rliatie  Iwdfl,  631. 
Hhampha«t\dce,  395, 
ie/ica,  394. 
Jlhinocfridce,  424. 
JthitUfCeroa,  424-426. 
Rhinolophuice,  461. 
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SeotiOMM,  I4£                                                        ^^1 

Lltt. 

ISlSSi^^T                       ■ 

0. 

Beorpbrn.  I81-1SS.                                              ^^H 

1. 

aeon>*^1dm,  ISi.                                             ^^H 

L 

SeuUlUt,  104,  IO0L                                                 ^^H 

U. 

aeypAM.  S37.                                                             ^^H 

SoK-uenioneB,  SO,  81.                                           ^^^H 

.410. 

BeA-eooumben.  136.                                             ^^^H 

1. 

Seals,  440,  450.                                                          ^^H 

Bm-Homm,  lfi7.                                                        ^^H 

B».  SOS.  fi07. 

,  soi-ma,  307. 

Bu-Urchiiu,  103.                                                           ^^^H 

M»4M.  878.  874. 

B«dlniciitanr  Rooks,  origin  of,  8.                           ^^^| 

»7J,  874. 

S»taehii,  337,  S40.                                                 ^^H 

1,  4»3. 

Sipia.  tli,  ns,                                                ^^H 

S*piada.  775,  2»4.  395                                                  ^^H 

tkj>u,  uf  ci>niU,  01,  &3:  or  the  abdl  of           ^^H 
T()trabranchUt4i  Cepluiapoda,  970.  ISO.             ^^^H 

:tenof.  4&«;  dUtribuUon 

r. 

Siqwna,  MS.                                                             ^^H 

&n»Aj.S47.                                                             ^^H 

t»3. 

Srruir^ipuHdir,  97.  100.                                                ^^^H 

Serpula.  1S7,  139. 140.                                             ^^H 

Sertutaridt^  cluumcten  of,  78 ;  dUtribu-           ^^^H 

^rlbatloD  of.  in  time,  00; 

1. 

ilon  of,  tD  tiDie.  77.                                           ^^^M 

imcl«n  of,  431 ;  fkiniUes 

Beutle  CirripodM,  150-1Q2.                                          ^^H 

Shariu,  S3fl,  B40                                                   ^^^H 

SfaeU.  of  BtUnoicU,  150;  of  UMdotdi.            ^^H 
IGS;  of  JVuJ/iuni,  187;  of  BrnflAiofNida,              ^^H 

IM :     of    Latwllibramhiala,    314  ;    of               ^^H 

Oatttnpoda.  S43:  of  Putvpoda.  38&;              ^^H 
of  Tetnbnuirhiiiu  Ccvliftlopod*.  979.                  ^^H 

IffT. 

WL 

Bhrew-mlee,  4<U.                                                            ^^^^H 

SitboUiia,  349.                                                                 ^^H 

% 

Siffitlaria.  474,  481.  491  464.                                        ^^H 

8lsillAriold«,4;4.472.  480,  48S,  491-494,899.              ^^M 
saicitponeia,  67.  68.                                                 ^^H 

1, 

BUnriu)  period,  rocks  of,  618;    Uf«   of.            ^^H 

A17  :  titm  or.  478.                                                  ^^H 

Siluridoe.  318,  317.                                                   ^^H 
SttAOMiii-u«,  372.                                                          ^^^H 

L 

Siphonia,  M,  70.                                                             ^^^H 
Sivkvnida  (lame Uibmtefiiata\  918,  910.             ^^^M 

8M.  8S7. 

•97. 

Sipkimottomata  [Gusterupodai,  244-34«.                  ^^^| 
^konotrrta.  212.  2191                                                 ^^H 
a&i«,347.                                                            ^^H 
flfawfat  ohancUn  of.  417:  dirtifbnUoD  of.                    ■ 

II70-8TI. 

««. 

In  time.  4i8.                                                       ■ 

ahiUlieriwn.  4S8.  4S9.                                                    ^^M 

».• 

Bki.Miiw  HUt^s.  513,  614.                                             ^^H 

,IQ7. 

SfirfiofM'a.  17il-                                                      ^^^^H 

■ 

Sloths.  413,414.                                                             ^^H 

SmiVoj,  009.                                                                            V 

^ 

Bnakcft.  MO.                                                                     ^ 

S. 

£(>JantM,  3M.                                                           ^^H 

fisteiiCfr.  111.                                                       ^^H 

Soiteurtu*,  387.                                                        ^^H 

&>/tfn.  937.                                                                ^^B 

SoUmutfoa,  06.                                               ^^^H 

M. 

&»f«n(d«r.  918.  337.                                                  ^^H 

}9ntharia).  87. 

BoUd  uU,  of  GnptuUUi,  80.                                  ^^H 

da.  ST. 

SolUtunffuIa.  423.  427.                                                 ^^H 

:2oanlAana>,  68. 

SotipedM,  433.                                                          ^^H 

;i8. 

Sorex,499.                                                         ^^M 

SptUaewttm,  489.                                                                * 

1. 

AntaMfAmiuft,  41L                                           ^^^M 

^ 

^Ktrtitpongia,  89.                                        ^^^^^^| 
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INDEX, 


^patanmu,  100. 
SpaOubatit,  i4S. 
tutaria,  S33. 

400. 

170. 

.47a 

120,133. 
S3S,837. 
363. 

Sphenodut,  340. 

Mtenopteria,  475.  48S;  483,  480,  405, 408. 

^AenotkaUiU,  470. 

Sphenotrochtu.  00. 

finaeida,  330. 
in^erUet,  00. 
irifer,  802,  205. 
■(r<rn<to.  SOl-203,  S05. 
ferina,  S06. 

too. 

tirophyton,  474, 470. 
^'rorb^.  137,  138.130. 
jbtrula.  274.  275.  S04 
4)tru<Kto,  375,  290. 
Spirulirowtra.  200. 
£^ioru^fiu,  322. 
Sponffida,  chamctert  of,  07;  distribution 

of,  in  time.  07, 0& 


421.  422. 
Sijualoraia,  342. 
Squamata  (Reptilia),  355. 
Squatina,  340. 
Stiuilla,  177. 
StagonoUp'M,  350, 30". 
sea  una,  99 
Stauridx,  99.  101. 
HauTocfphahiM,  170. 
8t  Cossiftn  beds.  631. 
Stfnnnodictyuin,  522. 
SUUaster,  114,  115. 
S?«7wur«r.  114,  115. 
Sfeneotaunis,  307. 
Stephatwphytlia,  543. 
SHereodelphU,  420. 
Stereoffjiathus,  405.  410. 
St€mber(jia,  482,  483,  469,  491. 
Sf^marwi,  474,482.  493. 
Sttmtapoda,  characters  of,  177;  distribu- 
tion of.  in  time,  177. 
Stoneslleld  Slate,  636  ;  Mammals  of,  410. 
Strata,  contemporaneity  of,  14. 
Strfpfiirhina,  4S4. 
Streptagpondffltu,  368. 
Strinf/ocephaius,  204. 
SrWa:,  395. 

Sfromatopora,  69,  71. 
Strombid(r,  246. 
Strombodeg,  98. 
Sfrom&ujr.  246. 
Strophalogia,  530. 
StropkodtU.  339,  340,  410. 
Strophomena,  208.  209. 
Strrtphmnenidai,  202,  203,  208. 
Sfru/Aio,  394. 
SturumidfK.  322,  333. 
Stj/lina,  537. 
Stylonurtit,  173. 
Suchoaaunui,  387. 

Sutlden  Extinction  of  mftrineuiimal8,38,3d. 
Suufa.  430. 


Atf,4S0. 
S^nopea.  135. 
fl^noaCnM,  538. 
^iMnoUhidA,  311 
£i&nA«Ua,  80. 
5yn'ii£;o|ior^  98. 
j^rnnj^offyfon,  474. 

TabolicOS 

TabvitUa,  90 ;  distribotloD  of .  It  th 

97. 
7'<miafl(<r.  117. 
Tfrmois^m*,  498. 
To/ilnu,  170L 
Talpa,  463. 
Talpida,  463. 
Tapiridcf.  42& 
Tapjrtu,  420. 
Taxocrinus,  126. 
TVixodfum,  500.  501.  503. 
TVfi&rancAia/a,  244. 
T«I«o«auruj,  367. 
7>Ieo«t«i,  cbanrtetm  of,  315 ;  durtifboti 

of,  in  time,  315 ;  snb^rders  of,  uiu 
Telerpeton,  356,  362,  S6S. 
Tellina.  237. 
TeUinida,  218,  237. 
r«/mafomu,  390,  392. 
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A    MOIOGEAPI 

or  THE 

BEITISE     GEAPTOIITID^. 

8vo,  with  GugraviugB.     As. 

*'  No  one  contd  bo  better  qimliftc^l  than  Dr  Nicholnon  to  write  a  moDOgniph 

Qraptolites,  ainco  he  has  lihuself  tliMCuveied  and  Diuiied  man;  now 

ies,  and  has  ARcertalDed  their  prcsoDCti  in  various  new  localities.    .    .     . 

la  wort  is  oxccllcntljr  illustrated,  having  at  loiut  one  and  often  deveral 

Inwings  of  each  gaaiu,  and  thura  ii  ii  good  historic&l  tntruductioD."-  - 

\hancet. 


A    MANUAL    OF    ZOOLOGT, 

FOR  TIJE  USE  OF  STUDENTS. 

With  a  Gekxrai.  Introduction  ok  tub  1'rinciples  ok  Zoouwy. 

Second  Editiun.     Crown  8vo,  jip.  C74,  with 
243  Engravings  on  Wood.     12a.  fitl. 

"The  A^lvcnt  ofanewnud  intfyirtant  text-bock  of  aadeDoe  la  an  oveDt 
dch  \»  of  thA  dof^i^ieAt  intoreivt,  not  merely  to  tMcbora  and  students  of 
btosny,  but  to  the  ^^eneral  roadio^  public.  For  the  progress  of  a  aoienoe 
rardi  exactitude  may  very  well  bo  measured  by  the  v.aloe  of  tbo  ouDuole 
tbliabed  at  aiieceaeiro  porioda.  Dr  NicholBon's  Manual  baa  thin  oilvanto^, 
it  it  in  preceded  by  a  Kt^neml  introduction  on  the  principles  of  zoology. 
ti«  portion  of  ttic  H'urk  in  of  the  ileepeitt  poiuiible  interest,  inaamach  aa  it 
ingu  up  the  prvKuut  htutu  of  our  knuwletige  of  zoology  to  tiie  very  latest 
iod.  We  fi\il  to  reeogiiido  in  any  previous  eoological  author  the  poculiar 
tdiciol  art,  which  Dr  Nichulsun  oxhihita,  of  showing  all  ndei  of  the  (juea* 
irhile  apparently  in  no  cmc  ohtruilin^  his  own  individual  opiniono. 
naturally  places  the  present  work  on  a  for  higher  level  than  that  pos- 
by  ita  predeceFSonr.  .  .  .  It  is  the  beat  manual  of  ioi»loify  yet 
iblishofl.  not  merely  in  Cnglaud  but  in  Europe.'*— iVoM  ttut  Patt  Matt 
f^^,  July  20.  1S7I. 

*'  A  work  which  in  point  of  nccurocy  for  .lurpaflses  moat  of  the  manuaU 

ih  of  lato  years  Itave  iwuod  from  the  press. "—/'epufar  SeUnf*  Jiecitir, 
"The  be«t  handbook  for  studonttf  that  we  at  present   poMesa." — West- 
Re  pietp. 
**  The  boat  handhook  on  the  subject," — Quatierly  JoHmul  of  Scitnft. 

"T>r  Nicholiion  hoA  sitcceedod  well  in  hia  objoot  of  producing  a  oaeful 
mdbook  for  students  of  ioology." — A  nnaU  of  ^afitrai  liiMtory. 


J 


UrTRODTICTORT   TEXT-BOOK   0?  ZOOLOftT, 

FOR  THE  USE  OF  JUNIOR  CLASSES. 
With  127  EngniTmgB.    3b.  6d. 

"  Very  suitable  for  jonior  classes  in  schools.  There  is  no  nuon  why  aj 
one  should  not  become  acquainted  with  the  principles  of  the  scieoee,  sutM 
facts  on  which  they  ore  bfuied,  as  set  forth  in  this  rolume." — La»ed. 

"This  is  an  excellent  little  work,  the  valae  of  which  school  tncbenviU 
not  be  slow  to  appreciate.  ...  It  is  written  througfaoat  dearij  ud 
concisely,  and  has,  moreover,  the  advantage  of  being  profusely  illustntoi 
.  .  .  We  hope,  before  long,  to  see  it  in  general  use." — MoHUdy  Udixnl 
Journal. 

"  The  book  is  well  suited  to  become  the  text-book  for  schools,  and  eoaUiu 
nothing  that  an  ordinary  schoolboy  of  thirteen  or  fourteen  could  not  nulv- 
stand.  We  bail  such  a  work  as  tending  to  the  iDtroductioo  of  Nitnnl 
History  teachiag  in  schools,  a  subject  which  has  hitherto  been  nefilecud, 
owiog  greatly  to  the  want  of  such  text-books  as  the  one  before  us.*— ^rtfl-(i 
Journal  of  /Science. 

"This  capital  introduction  to  natural  history  ia  illustrated  and  well  vA 
up  in  every  way,  a  credit  alike  to  author  and  publisher.  We  should  be  glid 
to  see  it  generally  used  in  schools."— JferfiVw/  Preu  and  Circular. 

"  Nothing  can  be  better  adapted  to  its  object  than  this  cheap  and  veil 
written  introduction." — London  Quarterly  Review, 

ADTAUCED   TEXT-BOOK   OP   Z00L06Y, 

FOR  THE  USE  OF  SCHOOLS. 
Crown  8vo,  with  numerous  Engravings.     63. 

"The  author's  Text- book,  regarded  from  this  point  of  view,  igadwided 
success ;  it  is  just  what  was  wanted.  The  subject  has  beoo  treated  in  1 
scioutific  spirit,  but  nt  the  same  time  so  clearly  and  well  jw  to  l>e  ijnitewitMc 
the  corupreheusioD  of  any  young  student  who  will  bring  ordiuarj'  attentwo 
to  his  tftsk." — lAtiicd. 

"Throughout  the  work  the  information  is  brought  up  to  the  most  advaBccl 
state  of  our  knowledge,  and  the  explanations  and  description!;  are  clear,  aii<l, 
whore  nocessftry,  illustrated  by  diagrams  and  figures." — Edum*iona(  Tiiat. 

"This  is  an  excellent  treatise  for  its  purpose.  Dr  Nicholfion's  style  is 
singulurly  intelligent ;  he  conveys  much  information  in  a  small  space,  iui>l  is 
especiitlly  clear  in  his  explanations  of  the  various  zoological  classes  and  their 
characteristics.  The  introductory  chapter  is  a  model  of  lucid  writing  on  a 
difficult  point,  tho  distinctions  betwcca  plants  and  animal.s.  ...  We 
have  only  to  add  that  Christian  teachers  and  tho  adherents  of  a  ntjritiul 
philosophy  may  saffly  put  this  book  into  the  hands  of  their  pupils.  Thewis 
nothing  thoologieul  in  the  book,  but,  on  the  otuer  hand,  there  is  nothing  anli- 
theological."— 3*yrt(V;/f/on>((>/. 

"As  a  means  of  imparting  an  elementary  knowledge  of  zoolopry,  m  far 
IIS  concerns  tho  cla.'iaification  of  the  various  members  of  the  animal  kin^rdom 
and  the  description  of  the  most  obvious  and  distinctive  characters  of  the 
various  classes  and  orders,  this  book  deserves  a  hearty  approval.  The  de- 
scriptions ;iro  simple  and  mtelligihlo  ;  and  the  work  is  well  illustrated  with 
wood  engravings." — liritifh  MeffinilJournaf. 

"  Wo  cau  very  coniially  roconiniend  the  work,  and  feel  sure  that  an  ear- 
neat  tourher,  with  the  help  of  a  microscope  to  illustrate  tho  earlier  wctioni 
of  the  book,  with  a  few  npecimens  for  class -demonstration,  and  with  s  full 
belief  in  the  power  of  Natural  History  to  interest  intelligent  observer', 
cannot  fail  to  awaken  mind,  and  nt  the  same  time  to  train  his  pupils  to 
habits  of  correct  and  protitablo  observatioD."— Qwar/tT/y  Journal  o/JScimcf. 


ADVANCED    TEXT-BOOK    OF    lOOLOQY- Opinhiu  continu/sd. 


Dr  Alleyno  Nicholson  baa  brou^^ht  out  the  bost  AdviLnoed  Test- Book  of 
Zoology  that  has  yet  .ippeArod.  It  is  of  amfiU  bulk,  well  arran^l,  and  ilhis- 
tr&ted  hy  A  connifieralile  Dumber  of  wuwlcuts.  A  careful  reailer  will  lonrn 
froni  it  more  of  ib«  prinuijjles  of  Boiontitic  olsBBifioatiuD,  (lod  eei  a  1iett«r 
BotioD  of  the  oDatomioal  and  physiological  consMcmtJoaii  on  wnich  It  tie- 
peoils,  thiLn  from  any  Himilar  work  wa  conid  nnnie.  ...  It  would  be 
•Xtretnely  viiliinhle  to  havo  ihi»  book  road  in  tho  uppor  clna^os  of  ^r>od 
"i.  Auy  iutelUjfont  teacher  could  learn  from  It  qutto  enoutrh  to  ufler 
%ry  expIunatioDs  ;  and  tho  way  in  which  Dr  Nicholson  works  up  bis 
ftwta  so  OS  to  illustrate  principles,  placea  his  book  far  in  advanoo  of  ordiaary 

uals,  and  would  insure  pupils  being  interested  in  bis  teaching. " — Tfw 

EXAMHATIOIS    lU   NATTIEAL    EISTOET ; 

BK1>'G    A    FROOUh>WlVE  .SRIlfES  ur  Ql'KSTIOKS    AJiAPTED  Tu  TUE  AlTUOIt's 

'  IMTRODPCTOltY   AWD   ADVANCED  TEXT-BOOKS,*    AND 

'TUE   STDDENT'a    M.iNUAL   OF   ZOOLOGY.' 

Is.,  Post-free. 

The  Author's  object  in  compiling  this  series  of  questions  ha^  1>oon  to 
aMOsi  tb«  Teacher  whosu  Uinit«d  iiiuo  does  not  admit  of  so  careful  a  pre* 
p&ration  of  hit  examinationa  oa  the  subject  domandfi,  aud,  at  the  same  time. 
to  bhn^  within  reach  of  the  Student  tho  ready  tnoans  of  testing  his  own 
profiuioDcy  iu  the  Science. 

vt. 

HTRODTJCTIOI  TO  THE  STUHY  OF  BIOLOGY. 

CVowD  8ro,  with  numeroiia  Engrax'ings.     Ss. 

"  Nowhere  else,  wo  believe,  tamthe  student,  whether  he  be  the  theoloffian 
Anxious  to  loam  tho  set  of  tho  tide  nnd  the  direction  of  tho  undor-curreni  of 
feluMigbt  of  Dioilem  Acionce  and  philonophy,  tho  man  of  tetter*,  or  the  iitedical 
Mtndeut,  or,  liwtty,  the  pnictitiuner  wtio  is  n«t(]idt«  iKUoninl  uf  tbe  elemonta 
of  oomparativo  anatomy,  but  if  sUg-hily  puzzled  with  such  now  terms  oa 
Somotfony  and  Homoplas^,  Abiogeneels  and  Bioplasm ;  nowhere  else,  we 
li«)iove,  can  the»e  meet  with  such  clear  definitions,  and  with  such  fair  ex- 
tions  of  rival  theories,  as  in  tho  pages  before  us." — Mtdical  Pixm. 
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"  Admirably  written  and  fairly  illustmted,  and  brines  within  the  uompasa 
of  16u  po^os  the  record  of  invcsU^tttions  and  discoveries  scattered  over  so 
snakny  volumes.  Seldom  indeed  ao  we  fiud  kuch  tnubjocls  treateil  ia  a  style 
t  oDco  so  popular  and  yut  su  minutely  accurate  iu  scioutifio  detail." — ikof4- 

"  In  all  the  questions  upon  which  he  touches.  Dr  Nicholson  shows  himself 
^tborooghly  master  of  his  subjoot ;  an<l  wheo  ne  has  to  deal  with  disputed 
Quintet  his  moderation  and  fnirnc!<<t  are  do  less  worthy  of  praiae  thfla  the 
edeamesa  and  logical  force  with  which  he  statea  hia  own  coaolnaiona.  The 
■obAptrrs  on  AbiogoDeeis  and  Origin  of  Species,  though  nocotutarily  oondao, 
Are  enough  tu  autScm  na  hope  that  we  shall  have  something  more  on  the  same 
subjects  irom  Dr  Nicholson.  "--'iftuTiitorf/, 

'*  A  work  that  might  well  bo  token  oa  a  text-book  for  the  higher  dassea 
in  Bahoo\ii."^lMiu:ci. 

WILLIAM   BLACKWOOD  k  SONS,   EDiNBUBoa  a.nd  Luaoor. 
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INTB0DT70T0B7  TEXT-BOOK  OF  GEOLOQT.    By  David 

Paoe,  LL.D.,  ProfesBor  of  Geolc^ry  in  the  Durbam  Univendty  of  PhyBicil 
Science,  Newcastle.  With  Engravings  on  Wood,  and  Glanarial  lodex. 
KiDtb  Edition.    2s. 

ADVANCED  TEXT-BOOK  OF  GEOLOOT.    Descriptive  ud 

Industrial.  By  the  Same.  With  Kneravings.  and  Glossary  of  Sdeo- 
ti  fio  Terms.     Fifth  Edition,  reTised  and  enlai^ed.     7b.  6d. 

"We  have  carefully  read  this  truly  saUsrsctory  book,  and  do  not  faeriUt^to  ux 
that  it  in  an  excellent  compendium  of  the  Rreiit  facta  of  Qeology,  and  vntten  Is  t 
truthful  and  philosophic  spirit."— £(f»»&i/r^n  Philosophical  Journal. 

"As  a  school-book  nothing  can  match  the  Adranred  Text-Book  of  Geology  b; 
Professor  Page  of  Newcastle.  —Jf*cAantc«'  Magazine. 

THE  GEOLOGICAL  EXAMINATOB.    A  ProgmsiTe  Series 

of  Questions  adapted  to  the  Introductory  and  Advanced  Text-Books  of 
Geolopy.  Prepared  to  assist  Teachers  in  Framing  their  Examinatiow, 
and  Students  in  testing  their  own  Progress  and  Proficiency.  Bjtke 
Same.     Fourth  Edition.     9d. 

THE  CBUST  OF  THE  EABTH:  A  Handy  Outline  of  Geology. 

By  the  Same.     Is, 

"An  eminently  fwitisfactory  work,  giving,  in  less  than  100  pxges.  an  adminl'k 
outline  sketch  of  Geoloyy.  .  .  .  forming,  if  not  a  royal  road,  at  least  one  of  tb- 
smoothest  we  possess,  to  an  intelligent  acquaintance  with  geological  phcnomeni"- 
Scotinnon. 

"  Of  singular  merit  for  its  clearness  and  tniHtwortliy  character." — Standard. 

SYNOPSES  OF  SUBJECTS  Taught  in  the  Geological  Class, 

College  of  Physical  Science,  Nowcastlo-on-Tync,  University  of  Durbam. 
Fcap.,  cloth,  28.  6d. 

HANDBOOK  OF  GEOLOGICAL  TERMS.  GEOLOGY,  AKD 

rHY.SlCAL  GEOGKAPHY.  By  the  Same.  Second  Edition,  ented. 
7s.  (Jd. 

INTRODUCTOBY  TEXT-BOOK  OF  PHYSICAL  GEO- 
GRAPHY. With  Sketch-Map8  and  lllustrationa.  By  the  Same.  Fiftli 
Edition.     '2s. 

ADVANCED  TEXT-BOOK  OF  PHYSICAL  GEOGRAPHY. 

IJy  tbo  Same.     With  Engravings.     5s. 
"A  thorouglily  good  Text-Book  of  Pliysic.il  Geography."— 5'o(«rdai/ J^'^'''"' 

EXAMINATIONS  ON  PHYSICAL  GEOGRAPHY.    A  Pro- 

trressivo  Sories  of  Questions,  adapted  to  the  Introductory  and  AUvaDccl 
Text-Books  of  Physical  Geography.     IJy  the  Same.     9il. 

ADVANCED  TEXT-BOOK  OF  BOTANY.    For  the  Use  of 

students.  By  ItnuKiiT  Brown,  M.A..  Ph.D.,  F.R.G.S.,  Lecturer  on 
Botany  un<lor  the  Science  and  Art  Department  of  the  Committee  of  the 
Privy  Cnuncil  on  Education.  [/«  th*  prta. 
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NEW   EDITION,   RtVliiEL)  AND   ENLAKGED. 

ETYMOLOGICAL     AND     PRONOUNCING 

DICTIONARY  OF  THE  ENGLISH  LANGUAGE.  Includ- 
ing a  very  copious  selection  of  Scientific,  Technical,  and  other 
Terms  and  Phrases.  Designed  for  use  in  Schools  and  Colleges, 
and  as  a  Handy  Book  for  General  Reference.  By  the  Rev.  James 
StormoNTH,  and  the  Rev.  P.  H.  PnELr,  M.A.  Second  Ldition, 
with  a  Supplement  of  many  additional  words  ;  and  a  list  of  Scrip- 
ture proper  names,  and  otber  names,  oU  respelt  for  pronunciation. 
Crown  8vo.  pp.  785,  7%,  6d. 

E  SCHOOL  ETYMOLOGICAL  DICTIONARY 

AND  WORD-BOOK.  Combining  the  advantages  of  an  ordinary 
Pronouncing  Scliool  Dictionary  and  an  Etymological  Spelling -Book. 
By  the  Rev.  James  Stormonth,    Fcap.  8vo,  pp.  354.  as. 

HANDY    SCHOOL    DICTIONARY,     Pro- 

NOt;NClNG  AND  Exi'LANATOR V.  For  Use  in  Elcraent.-iry  Schools, 
By  the  Rev.  James  Stormonth.     i6mo,  pp.  368.     9d. 

MANUAL    OF    ENGLISH    PROSE    LITERA- 
TURE, Biographical  and  Critical :  designed  mainly  (o  show  char- 
acteristics of  style.     By  W.  MiNTo,  M.A.     Crown  8vo,  los.  6d. 
**  Is  &  work  wtijch  all  who  dcsiro  to  make  a  close  itudy  or  style  in  Ecgllih 
pn>»e  will  do  well  to  nsd  atteotlvely."— Standard. 

"A  cloHP  and  carefiil  ^nalyila  of  tbo  nuiln  sttrlbutM  nf  Btylo,  u  dev«toived 

In  the  work  of  ita  gre&teat  m««i«r«,  st«tml  with  remnrknM^  riramcwii  of  ex- 

prcMlon.  and  arranged  upon  a  plui  nf  uioat  oxict  method."— ^cAooI  Board 

CKronicU. 

"  An  sdmirable  book,  well  Bel«ct«d  and  well  pat  togBther." — Vtitmimttr 

CHARACTERISTICS     OF     ENGLISH     POETS, 

FBOU  Chaucer  to  Shiri-ey.     By  Wm.  Minto,  M.A.,  Author 

of 'A  Manual  of  English  Prose  Literature. '    One  vol.  crown  8vo, 

9S. 

'*  Altogether  tills  la  a  modt  faithfal  and  tlionmgb  ploce  of  work,  fitted  to  b* 

largely  unoful,  and  mny  tjike  rank  amori];  the  boMt  tMlucatiouftl  efforts  whirb 

have  recently  laaued  rrom  the  press." — S otuMt^ormUt 

*■  We  cannot  reoomiDeiid  to  oar  readers.  eaiwnUUy  to  thoM  who  are  prepnr- 
tau  for  examination,  a  b0tt«r  or  more  concue  work  on  the  earlier  EDitllib 
poeta.  Mr  Mtnto  ahowi  critical  power  of  «  high  oiiIlt,  and  hae  glv«u  ui  a 
really  admlrabla  hoak."-~Ci«U  Service  Gazette. 

*'Thla  votame  shows  not  only  a  good  deal  of  reading,  but  Judgment  and  tutc.** 
— Saturday  lUvitw. 

PROGRESSIVE  AND  CLASSIFIED  SPELLING- 
BOOK.  By  Hannah  R.  Lockwood,  Aulhorcja  of  •  LiiUe 
Mary's  Mythology.*    Fcap.  Svo,  is.  6d. 
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ENGLISH   PROSE   COMPOSITION:  A  Practical 

Manual  for  Use  in  Schools.     By  James  Cussib,  M.A, 

Priocipftl  of  the  Church  of  Scotland  Training  College,  Ediobm^ 

Tenth  Edition,  is.  6d. 

"  We  do  not  remembei  haviDg  seen  &  work  so  completely  to  onr  miiid  u  tUi, 

which  comblnea  aoiind  theory  Witb  Jadicioos  pncUce.    Proceeding  itep  by  itqi. 

It  advances  fixim  the  rormation  of  the  shortest  sentences  to  tiia  compoilUoB  of 

complete  essays,  the  pupil  being  erorywhere  fornished  wltb  all  seeofOl  aiiiit- 

ance  in  the  way  of  models  and  hints.     Nobody  can  work  throngfa  ricIl  a  book 

as  this  without  thoroughly  understanding  the  structure  of  seotcncei.  tBd 

acquiring  facility  In  arranging  and  expressing  bis  tbongfata  approptiiklj.  It 

ought  to  be  extensively  used."— ACAemeum. 


Geography. 


NEW  AND  GREATLY  IMPROVED  EDITION. 

A  MANUAL  OF  MODERN  GEOGRAPHY,  Mathi- 

MATiCAL,  Physical,  and  Political.    By  the  Rev.  Alexaxdu 

Mackay,  LL.D.,  F,R.G.S.     Crown  8vo,  pp.  676.    ys.  6d. 

This  volume — the  result  of  many  years'  unremitting  applicaUoo— is 

specially  adapted  for  the  use  of  Teachers,  Advanced  Classes,  Cutdi- 

dates  for  the  Civil  Service,  and  pro&cients  in  geography  generally. 

THIRTIETH    THOUSAND. 

ELEMENTS    OF    MODERN    GEOGRAPHY.     By 

the  Same.  Fourteenth  Edition,  revised  to  the  present  time.  Cnwn 
8vo,  pp.  300.  3s. 
The  '  Klements'  form  a  careful  condensation  of  the  'Manual,"  the 
order  of  arrangement  being  the  same,  the  river-systems  of  the  globe 
playing  the  same  conspicuous  part,  the  pronunciation  being  giren,  and 
the  results  of  the  latest  census  being  uniformly  exhibited.  This  volume 
is  now  extensively  introduced  into  many  of  the  best  schools  in  the 
kingdom. 

T^iis  (fay  is  Published, 

THE  INTERMEDIATE  GEOGRAPHY.  Intended 
as  an  Intermediate  Book  between  the  Author's  *Outlinesof 
Geography'  and  *  Elements  of  Geography."  By  the  Same. 
Crown  8vo,  pp.  208,  price  2s. 

SEVENTY-FIRST  THOUSAND. 

OUTLINES    OF    MODERN    GEOGRAPHY:   Six- 
teenth Edition,  revised  to  the  present  time.    By  the  Same. 
i8mo,  pp.  1 12.     IS. 
These  'Outlines' — in  many  respects  an  epitome  of  the  'Elements'— 
are  carefully  prepared  to  meet  the  wants  of  beginners.    The  aminge- 
ment  is  the  same  as  in  the  Author's  larger  works.     Minute  details  are 
avoided,  the  broad  outlines  are  graphically  presented,  the  accentua- 
tion marked,  and  the  most  recent  changes  in  political  ge(^:aphy  «- 
hibitcd. 

forty-eighth  thousand.  rf,vised  to  the  present  time. 
FIRST   STEPS    IN    GEOGRAPHY.     By  the  Same. 

tSmo,  pp.  56.     Sewed,  4d.     In  cloth,  6d. 

GEOGRAPHY  OF  THE  BRITISH  EMPIRE. 
From  '  First  Steps  in  Geography.'    By  the  Same.    3d. 


KDCCATtONAL   WORKS. 


Geographical  Class-Books. 


I 


OFIVIOSB  OF  DR  lUCEAT'B  SERIES. 

MANUAL. 

Aaaiul  AddrcM  of  the  Preiulent  of  tLe  R07&I  OeoRmphlcal  Society 
(Blr  Rodsiick  L  MarchlBon).— We  nitut  admire  the  AbUliT  and  perecverlait 
n«MUvii  wlUi  whifS  be  boji  ■ucceMltKl  la  ]m|iartiug  to  lila  'Hanaal*  to  niui'b 
frcabDMM  and  oH^nallty.  In  im  rr-«|>rrt  in  Uils  cliAractar  mor*  ajiparvnt  thui 
111  th«  plao  of  aiTa&ffemflat,  br  wtii<'li  the  author  rominvDcea  hla  dMCTl).<tli>»  of 
tbt  pbjilfsal  nograpUy  or  each  tnu't  by  a  fikeU-h  of  Iti  true  baiti  or  fte<jlo|;lral 
■troctariL  llie  work  la  largely  tuM  Iti  S'lutlaiiil  but  baa  not  beeo  lalQcleuUjr 
spnkmi  oftn  England.  It  la,  Indeed,  a  moat  lueful  acbool-book  bi  opening  out 
gMignirtkloal  knowledga. 

S&ttird&y  Rariew. — It  c<in.ialni  a  prodlgloua  array  of  geographical  facta, 
and  will  be  found  useful  for  reference. 

Eogllab  JonniAl  of  Eilucation.— Of  al}  the  Mannala  on  Oeosnuphy  t]iat 
have  romo  nnder  our  notice,  wn  pUce  the  one  «boa«  title  Is  given  abore  In  tba 
flnit  rank-  For  rulneaa  of  inronoLaUoD,  for  kuowledge  of  method  Id  airange- 
meiit,  for  the  tnanuer  In  which  the  details  are  bindled,  we  know  of  no  work 
that  can,  la  thaaa  reajwoU,  ooinpet*  with  Mr  llackay'i  ManuaL 

ELEMENTS. 

A.  KEITH  JOHNSTON,  LL.D..  P.R,8.E-.  F.R.O.8.,  H.M.  Qoograph^r 
fbr  SootUnd,  Aatbof  of  the  '  Phyaical  Atliis,'  &o.  &a— There  la  no  work 
of  tha  kind  In  thia  or  any  other  language,  kti'wn  to  me,  which  cornea  10  near 
my  tdMU  of  perfection  In  a  achool-lmnk.  on  tlie  Iniinrtaut  iinhjcct  of  whirh  it 
treota.  In  amngement,  a^le,  aelectjon  of  matter,  eleameas,  and  tborongh 
ftociiraoy  of  Btatemeot,  It  U  without  t  rival:  and  knowing,  aa  1  do,  the  vaat 
amowit  uf  labour  aad  raaearch  you  bestowed  on  Ita  productli'O,'  I  trust  It  wUl 
be  ao  appTrofitef]  a»  to  iDsiire,  by  an  extflnxlre  sale,  a  well-niorited  rewanL 

O.  BICXERTON,  Esq.,  Sdinbnrgb  InatUatioa.— 1  have  been  led  to  fonn 
ftTery  high  apinitin  of  Mackay'i  'MaJinal  of  Oeograpfay'  and  'EletiienU  uf  Oeo> 
ftapby,*  portly  from  a  carefm  examluatioti  arihcm,  and  partly  from  my  6Xpe> 
rlenoe  of  the  latter  u  a  text-book  Ip  the  Bdimbuhdu  lnvrirunoK.  One  of 
their  nioat  valuable  featurea  la  the  eUb<:>rat«  Table  of  Rlver-Basliu  and  Towns, 
which  iagtTen  In  a^Mitlnn  to  the  ordinary  Frorlnce  or  County  Hat,  eo  that  a 
good  Idea  may  be  obtained  by  the  pupil  of  Ui«  natural  aa  well  aa  the  ptititJcJil 
relationship  of  the  towns  In  each  country.  On  all  mattera  connected  with 
nyatcal  Oeography,  Ethnography,  Oovemmrnt,  kc,  the  mfonuatlon  U  full, 
■flcorate,  and  well  digested.  They  are  boolu  that  can  be  ■tiun^ly  TT>romiueii<li^i 
to  the  sfcodant  of  geography. 

RICHARD  D.  ORAHAM,  EngUab  Mut«r,  CoUege  for  Daughters  of 
Mutistan  of  the  Church  of  Scotlaad  and  of  Profeaaora  tn  the  SwttUh 
Uniritsitiea. — N()  work  with  which  t  am  acquainted  ao  amiilr  fuUDs  the  cun- 
ditiotm  iif  a  pi'ifr'-t  teil-Nrnk  onUiB  Important  sul^ect  of  whlcli  It  treats,  aa  Dr 
Hackay*!  'LleiiieutM  of  Modern  Ueography.'  In  fQlneea  and  accuracy  of  (!»• 
laila.  In  the  scilentiflc  grouping  nf  facta,  com  blued  with  elMreeas  and  aliopUdty 
of  atatement,  it  Ktandjt  elnne,  and  lenvea  nlni^ftt  tiutliliig  to  be  dealred  id  the 
wav  of  improvement  Bmlnently  fitted,  by  reajioti  uf  tida  aiceptloDal  variety 
%n\  thomughDcsa,  to  meet  all  the  requirements  of  bigber  education.  It  la  Dever 
wtUiout  a  Uvlng  interest,  which  adapts  It  to  the  tntenigeace  of  onHnarr  puplla. 
It  la  not  the  leasit  of  lU  merlta  that  lu  Information  k  abreaat  of  all  the  lat«st 
development*  Sn  c^npraphirjil  science,  accorately  eihlbiting  Kith  th«  recrnt 
puhUeal  and  t«rnt<<rmi  •hAQges  In  Europe,  and  tha  many  Important  reiultj  of 
modem  travel  and  reaearcU. 

Spoctator.— •Tbe  beat  Geography  we  have  ever  mat  with. 
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Geology, 


**  Ftw  Iff  our  Juutdboobi  ^  popular  Kintet  can.  h*  amid  Ce  Aom  fmtdr  v 
moiv  <fe«£«w  nwrit  CAoii  (mm  ^  Mr  Pag*  on  QtitU^  «ii4  rtlrtiitiUlM 
n^  an  el0ar  oskJ  vifforoua  in  tt^H,  th^y  wvtr  0ppnt»  0U  rat^HU 
fMditiUio  diipfay  (ifUamimg,  nor  ovenri^m  Atm  won  a  mnsMU  m4  Mpf^ 
jIuMM  brmmolomr ;  owf  (by  Aom  th»  futpny  art  of  tttkxr^  kim  mrtt^tma 
Co  (A«  /sec  i^f  naiun  hertt^,  tnMUmd<i/  Uadtng  him  by  tMe  ttfiu»iu§nd\mil 
Minff  fMtCAf  9/  UehniotU  tiftl«t»  and  arti/Unal  eUugt/Uatitm."  btttaiMf  |»- 
Tlew. 

INTRODUCTORY  TEXT-BOOK  OF  GEOLOGY. 
By  David  Page,  LL.D.,  Profeuor  of  Geolo^  In  ttw  DbiIub 
University  of  Physical  Science,  Newcastle.  With  EngnviopM 
Wood  and  Glossarial  Index.     Tenth  Edition,     as.  ti(L 


*'  It  hu  not  bemi  our  good  fortnoe  to  exsiiilDa  u  t^ixt-book  oa 
vhlch  wo  could  fixpndtt  an  opinion  lo  Aatiraly  favonnblft  m  va  m 
do  of  Mr  Fatfv'e  little  work.**— .<ieA«iUBimi. 


ADVANCED    TEXT-BOOK    OF    GEOLOGY,  Dt 

scRiPTtVK  AND  INDUSTRIAL.     By  the  Sanic.     With  EagiaTOCi^ 

nnd  Glo&sary  of  ScieoLlfic  Terms.      Fifth  Edition,    revised  ud 

enlarged.     75.  6d. 

"  We  have  canfullv  read  liiiii  tmly  nathfactory  linak,  and  do  not  b«ltit>  I* 

Miy  that  It  la  an  excf^Uent  canip«iiillum  of  the  eimt  facta  of  Qaologr,  aad  srtk 

ten  In  a  tmthftU  and  phlloaopLic  spint. "— JSrfmfruivA  PhUamphiMtJoitnA 

**  A*  a  aohool-book  nothtnit  can  match  tfae  Advanced  Toxt-Book  of  Qmi/e 

by  ProfeMor  Paff«  of  NowcasUe." — Mtehania^  Magazifu 

"  We  know  of  no  introdaction  containing  a  l&mr  animiDt  of  tnrnraatiaii  )i 
the  iame  apace,  and  whluh  we  could  more  conltally  recommend  to  the  | 
cal  ttudent." — Attummnk. 


{ 


lAdvaioeda 


THE   GEOLOGICAL  EXAMINATOR.     A 

sive  Scries  of  Questions,  adapted  to  the  Introductory  and 
Text- Books  of  Geology.     Prepared  to  assist  Teachers  in  fttatac 
their  Examinations,  and  Students  in  testing  their  own  Piu^iUlIK 
Proficiency.     By  the  Same.     Fifth  Edition.     9d. 

SYNOPSES    OF    SUBJECTS  taught    in    the   Geo- 
logical Class,  College  of  Physical  Science.  Newcaslle-on-Tpe.   ■ 
University  of  Durham.     By  the'  Same.     Fcap.,  cloth,  2s.  6d.  fl 

THE  CRUST  OF  THE   EARTH:  A  Handv  Out- 
line OP  Geology.     By  the  Same.     Sixth  Edition,     ts. 

**  Ad  emlDently  aatUfhctory  woric,  glfing.  In  lesa  than  100  ]:«C">  *>  xl*^ 
able  outline  iketch  of  Oeology,  .  .  ,  rormins,  if  not  a  myal  roAd.  at  !■< 
•ne  of  the  stnootheat  we  jioaaoai  to  an  Intelligent  acqoalntanoa  vithgeolfr 
^cal  pheonmeaa." — Seottnnan. 

"  or  Singular  merit  for  Ita  cle&nieM  and  tnutwortby  character."— 5(«itfvi 

GEOLOGY  FOR  GENERAL  READERS.     A  SericJ 

of  Popular  Sketches  in  Geology  and  Palaeontology.     By  (be  SuK. 

Third  Edition,  enlarged.     6s. 

"  Thli  is  one  of  tbo  bMt  of  Mr  Paj;:*)*!  many  good  booki.    It  la  writtaa  ta  i 

flowing  popatar  ityle.    WltJiout  lUostration  or  any  eitruMOU  aid,  tlw  nanv 

Utb  muat  prove  attractive  to  any  loteUigeat  reader.  "•— gwfogtwri  Jn^wflifc 


EDUCATIONAL   WORKS. 


HANDBOOK    OF   GEOLOGICAL    TERMS,  GEO- 
LOGV,    AND    PHVSCCAL   GEOGRAPHY.      By    th«   Same. 

Second  Edition,  enlarged.     7s.  6d. 

The  iHilj  dletiutuirT  at  Gnitoj^  In  tha  Bngliab  Unguage— modem  In  iatt, 
•nd  exIuiuUvfl  in  treatment."— Kepi^u. 

CHIPS    AND    CHAPTERS.     A  Book  for  Amateurs 
and  Yoang  Geologists.     By  the  Same.     5s. 

'HE  PAST  AND  PRESENT  LIFE  OF  THE 
globe;.  With  numerous  lllustratioas.  By  the  Same.  Crown 
8vo.     6s. 

'HE  PHILOSOPHY  OF  GEOLOGY.    A  Brief  Re- 

view  of  the  Aim,  Scope,  and  Character  of  Geological  Inquiry, 
By  the  Same.     Fcap.  8vo.     3s.  6cl. 

Physical  Geography, 

INTRODUCTORY  TEXT-BOOK    OF  PHYSICAL 

GEOGRAPHY.    With  Sketch-Mapsand  Illustrations.    By  David 
Page,    LL.D.,    Professor  of   Geology  in  the  Durham   Univer- 
sity of  Physical  Science,  Newcastle.     Seventh  Edition,     as.  6d. 
"  The  •liviflloTiB  of  tlie  Rul>je<--t  nre  no  (^Icarty  deOaed,  tho  ezplaDitlons  w  m 
Inold,  tbe  rslAtloca  of  one  porilun  of  the  lubject  to  anotber  trs  so  ntUfactorily 
Shown,  awl,  above  oil,  the  burlDga  nt  the  Ulled  sdoDoeR  to  Plnriiciil  Qeograpliy 
mn  brought  out  witb  m  mnch  preclilon.  Uiat  every  reader  wtu  feel  that  dilll- 
enltte*  hare  been  retnaved^  and  tbe  path  of  Btnay  auioolbed  before  blm."— 

"  Wliptltft  at  a  nchititl-lKNiik  or  a  manual  fiir  tTie  private  student,  this  work 
]iu  nn  Ci^tmi  in  onr  Gdacatiooat  literature." — Imn. 

ADVANCED   TEXTBOOK  OF  PHYSICAL  GEO- 
GRAPHY.    By  the  Same.    With  Engravings.     Second  Edition. 
55- 
"  A  Lborongfaly  grvod  Tcxt-B^olE  of  PbyilcalOflOgmphy."— 5a/urrf/iy  RtmstB. 

EXAMINATIONS  ON  PHYSICAL  GEOGRAPHY. 

A  Progressive  Scncs  of  Questions,  adapted  to  the  Introductory  and 
Advancfd  Text-Boolts  of  Physical  Geography.  By  the  Same. 
Second  Edition.    9d, 


COMPARATIVE  GEOGRAPHY.     By  Carl  Ritter. 

Translated  by  W.  L.  GAca.     Fcap..  35.  6d. 


ADITUS  FACILIORES:  An  easy  Latin  Construing 
Book,  with  Complete  Vocabulary.  By  A.  W.  Potts,  M.A.,  Hcad- 
Mosterof  ihc  Fcttes  College,  Edinburgh,  and  sometime  Fellow  of 
St  John's  College,  Cambridge,  and  the  Rev.  C.  DARNELL,  M.A.. 
Head-Master  of  Cargtlfield  Preparatory  School.  ICdinburgh,  and 
late  Scholar  of  Pembroke  and  Downing  Colleges.  Cambridge. 
Fcap.  8va 
Comfr»tt,—P:M  I.    Stories  and  Fables. —11.   Historical  Extracts: 

a.  T)je  Fat!  of  Fabii ;    A.  The   Capture  of  Veil ;  c.  The  Sacrifice  of 

Decius.— IIL  The  First  Roman  Invasion  of  Britain.— IV.  The  Life 

and  Exploits  of  Alexander  the  Great. 


Zoology, 


OUTLINES    OF     NATURAI,    HISTORY,  for  Be- 

flnners  ;  being  Descriptions  of  a  Progressive  Series  oi  Zoolopcal 
■ypes.  By  HRNkV  Aklevhe  Nicholsom.  M.D.,  F.R-S.E., 
F'.G.S.,&c..  I'rorcssor  of  Biology  and  Physiology.  Durham  I  & 
versity  College  of  Medicine  and  ^ysical  Science,  Newcauk. 
Engravings,  is.  6d. 

"Tlinre  hu  boon  no  book  itlnre  PutLtrMn's  irell  known  *  Zaotanlet 
Schools '  thai  luu  so  completalr  prornh  4  for  the  ota^s  to  which  It  U  idMHt 
mi  Uta  cai^tol  UtUe  volniiu  by  br  NiuhuUun."— /'fi^m^oj'  &m*m« 


rcaulc    $3  ^H 
Zaotan  hf  S 


BY  TU£  SAMB  AUTHOR, 

INTRODUCTORY  TEXT-BOOK  OF  ZOOLOGY, 
FOB  THE  Use  of  Junior  Classes.  Witli  107  Engravings.  A 
New  Edition,  as.  6d. 

*'Tei7iialUb)«  forjantor  «1ajHM*  tn  •ebooli.  liter*  tf  norvuMn  whyufflM 
Rfaoald  nrit  beconiBaoqtufDtetl  with  ttw  primiipleii  of  the  sHence,  uid  Uiatetk 
00  wtudi  they  an  huad,  u  »ct  fortb  fn  thii  volume  "— Mtim(. 

"  Nuthing  CM)  h«  twtlcr  nilnjilvil  to  its  object  thiiD  Uili  chesp  Ukd  mA 
written  IntriHlDntlon."— Ltmtbm  QnarUrtif  lUviit*. 

TEXT-BOOK    OF    ZOOLOGY,    for    the    Use  of 

Schools.  Second  Edition,  enlarged.  Crown  Svo,  with  iB3  En- 
gravings on  Wood,  6s. 

"  Tbls  capital  IntroduntioQ  to  nntnnil  history  (■  {11uitrat«d  and  weiQ  got  ay 
In  every  wny.  We  sboulil  be  |{lul  tu  wtv  ll  genentUy  u»rU  \n  ■chooU.'-^lfi^ 
cnl  Priu  amd  Gimuiar, 

A    MANUAL    OF    ZOOLOGY,    for    the   Use   of 

Students.  With  a  Gcnenil  Introduction  on  the  Prrnciples  of 
Zoology.  Third  Ediiton.  Crown  Svo,  pp.  706,  with  aSo  bngnv- 
icgs  on  Wood,  las.  6d. 

"  It  ta  the  bent  tiuiniuil  ofxAolngy  T«t  pnhll«hf>d,  not  mer«]y  bi  »»tiri»r^.  bat 
tn  Eoiopo."— /"aJJ  Mali  ifautu,  Jviy  SO,  Iftri. 


I 


"The  beitt  treittiKc  on  JSoology  In  Bodsmte  oonip«H  tliftt  we 
Lane$t,  May  18,  1872. 

A  MANUAL  OF  PALEONTOLOGY,  for  the  U 

OP  Students,     With  a  General  Introduction  on  the  Principla 
Paleontology.    Crown  8vo,  with  upwards  of  400  Engravings, 

"  This  book  wUl  bo  found  to  be  ono  of  the  bait  of  gnhloa  to  the  prindplH 
Pshuontology  and  the  study  of  organic  nualDa." — Athenamm. 

INTRODUCTION    TO    THE    STUDY    OF    BIO- 
LOGY.   Crown  Svo,  with  numerous  Engravings,  55. 

EXAMINATIONS  IN  NATURAL  HISTORY;  bebg  , 

a  Progrrssivr  Scries  of  Questions  adapted  to  the  Author's  Inoodnc- 
tory  and  Advanced  Text-Books  and  the  Student's  Ntsknual  of 
Zoology.     IS. 


EDUCATIONAL   WORKS. 


\ 


Hiziory. 


EPITOME  OF  ALISON'S  HISTORY  OF  EUROPE, 
ro%  THE  Use  or  Schools.  Sixteenth  Edition.  Post  8vo,  pp. 
604.    7s.  6d.  bound  in  leather. 

ATI^S  TO  Epitome  of  thb  History  of  Europe, 
Eleven  Coixiuked  Maps.  By  A.  Keith  Johnston,  LL.D.. 
F.R.S.E.     Is  410.  7ft. 

THE  EIGHTEEN  CHRISTIAN  CENTURIES.     By 

the  Rev.  Jams«  White,  Author  of  'The  History  of  Franoe.' 
Seventh  Edition,  post  8vo,  with  Index,  6s. 

**  He  gDRS  to  woric  npon  the  only  tmn  principle,  and  prodncM  ■  picture  that 
«t  ODec  uUinaB  Inith,  trreitU  the  momonr.  uid  flili  the  IniMiutfoo.  It  wlU 
be  dlflloalt  to  Uy  litnds  on  uiy  book  of  the  kind  mor*  uAafuTuKl  mon  eutcr* 

"nlDg."— rirrt**. 


% 


^ 


ISTORY  OF  FRANCE,  from  the  Earliest  Times. 

By  the  Rev.  James  White,  Author  of  'The  Eighteen  Christian 
Cemuries.*     Fifth  Edition.  postSvo,  with  Index,  r>s. 

"An  ax<v!lknt  and   eomprehenalve  oompcndlam   of   French  hlatory."— 
AafMvnal  Bevitv. 

FACTS  AND  DATF^;  or,  The  Leading  Events  in 
Sacred  and  Profane  History,  and  the  Pttncipol  Facts  in  the  Various 
Physical  Sciences :  the  Memory  being  ajded  throughout  by  a  Sim- 
ple and  Natural  Method.  For  Schools  and  Private  Reference.  By 
the  Rev.  Alex.  Mackav.  LL.D.,F.R.G.S.,  Author  of  'A  Manual 
of  Modem  Geography/  &c     Second  Edition,  crown  8vo,  pp.  336. 


^■•ome 

VMrai 


HE  LIFE  AND  LABOURS  OF  THE  APOSTLE 

PAUL.  A  continuous  Narrative  for  Schools  and  Bible  Qasaet. 
By  Chakles  M;cHtE.  M.A.  Second  Edition,  Revisol  and  En- 
larged.    Fcap.  Svo,  cloth,  is. 

The  dettiti  ar«  earerully  collected  and  KktUully  put  tonthe r„  und  the  otit. 
•ome  la  a  Kuoctnct.  yet  cli-ar  and  comprelieiulva,  view  of  the  life  and  laboura 
'  the  peat  Apoatl&  Tlie  ktury  of  Peitl'l  life,  ao  replete  with  ■piHt-ntfrrliig 
IdefiU.  la  told  ttt  a  manner  pxtremely  wall  Atted  to  arraat  thn  altoLtion  of 
ranoed  pnplla,  and  w«  can  with  ccafldence  commond  thia  tittle  work  ae  an 
admirable  text-book  for  Ofblv-claaaaa.  Tl)e  narrative  l»  enrlfh"d  !>t  ftwjt- 
noUe,  from  wbtrh  It.  U  ap|kareot  that  Hr  Mk-hte  u  well  |><>i>t«il  up  In  th«  litera- 
ture of  the  aabject-  Tbeee  are  aul^olned  witbmit  aiiy  prrteoce  or  parade  of 
]«amtng,  and  only  wb«n  reiiiilred  t«  elucidate  or  llltutrata  the  t«xt  Th«  mip 
at  the  cloaa  will  enable  the  reader  to  trace  tha  eotuve  of  the  Apoetle  In  hta 
rarlona  mlaalonary  toara  We  give  ttiia  handbook  our  warm  commendation : 
tt  certainly  deaerroe  a  wlda  cLrcnlaUon."— Ao/iofwU  Sd^tealUtn  OaulU. 

A  COURSE  OF  HISTORICAL  STUDY,   kor  the 

use  or  Schools  and  for  Private  Reading.    In  Three  Parta, 

I  comprising— ^Andent  History,  Middle  Ages,  Modem  History.     By 

^L        Madeuoisellx  RKYKAUa  [/n  fhe  PrvsJ. 

r 
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XUPSOTES  EDinOffS. 


Schoof  atlases. 

By   a.    KOTH   JOHNSTON,    LL.D.,   4c. 
Author  of  the  RojrftI  an6  the  Phyiica]  Atlaicj,  &c. 


ATLAS  OF  GENERAL  AND  DESCRIPTIVE  GEO- 
GRAPHY. A  New  and  Enlarged  Edition,  suited  to  theboiTed- 
Boc^i  with  Geographical  inforraaiion  brought  up  to  ihetiaeof 
publication.  26  Maps,  clearly  and  uniformly  primed  in  coloVR. 
with  Index.     Imp.  8vo.     Hall-bound,  12s.  6d. 

ATLAS  OF  PHYSICAL  GEOGRAPHY,  Ulustrating, 
in  a  Series  of  Original  Designs,  the  Elementary  Facts  of  Geologt. 
HviiROGRArHv,  Meteohology,  and  Natural  History.  A 
New  and  Enlarged  Edition,  containing  4  new  Maps  and  Letter- 
so  Coloured  Maps.     Imp.  8vo.    HoLf-boiind,  xas.  6d. 


ATLAS    OF   ASTRONOMY.     A  New  and  Enlarged 

Edition,  31  Coloured  Plates.  With  an  Elementary  Survey  of  the 
Heavens,  designed  as  an  accompaniment  to  this  Atlas,  by  R06EST 
Grant.  LL.D.,  &c.,  Professor  of  Astronomy  and  Director  of  tba 
Observatory  in  the  University  of  Glasgow.    Imp.  8vo.    Half'bomkd, 

I3S.  6d. 

ATLAS   OF    CLASSICAL   GEOGRAPJTY.     A  New 

and  Enlarged  Edition.  Constructed  from  the  best  materials,  aikd 
embodying  the  results  of  the  most  recent  investigations,  accom- 
panied by  a  complete  Index  of  Places,  in  which  the  proper 
quantities  are  given  by  T.  Harvry  and  E.  Worslev,  M\L.\. 
Oxon.  ai  Coloured  Ma[>3.  Imp.  8vo.  Half-bound,  iss.  6d. 
*"nitB  Edittan  ii  fto  much  enlugwl  and  iinproved  «a  to  br  rirtn«JlT  a.  nev 
work.  surpoBiintf  everything  cIh  of  the  kind  ext&iit,  boib  in  utility  and  boaaty.* 

ELEMENTARY     ATLAS     OF     GENERAL    AND 

DESCRIPTIVE  GEOGR.\PHY.  for  the  Use  of  Junior  Classes; 
Including  a  Map  of  Canaa.n  and  Palestine,  with  Ge.nekal 
Index.    8vo,  half-bound,  55.  - 

NEW   atlas   for   PUPIL-TtACHKRS.  I 

THE   HANDY   ROYAL  ATLAS.     46  Maps  clearly 

printed  and  carefully  coloured,  with  General  Ini^ex.      Imp.  4to. 

/a.  I2S.  6d.,  half-bound  morocco.    A  New  Edition,  brought  op  lo 

the  present  time. 
TTiis  work  has  been  constructed  for  the  purpose  of  placing  in  the 
hands  of  the  public  a  useful  and  thoroughly  accurate  Atlas  of  Maps 
of  Modem  Geography,  in  a  con\Tnient  form,  and  at  a  moderate  price. 
It  is  based  on  the  '  Royal  Atlas/  by  the  same  .Author;  and.  in  so 
far  as  the  scale  jDcrmits.  it  comprises  many  of  the  excellences  which  hs 
prototype  is  acknowledged  to  possess.  The  aim  has  t>ecn  to  make  the 
book  strictly  what  its  name  implies,  a  Handy  Atlas — a  valuable  sub- 
stitute for  the  '  Royal,'  where  tfiat  is  too  bulky  or  (00  expensive  to  find 
a  place,  a  needful  auxiliary  to  the  junior  branches  of  families,  and  a 
vasfe  mtcum  to  the  tutor  and  the  papil- teacher. 


TOtJOATIONAL  WORKS. 


Keith  Johnston's  Atlases, 


EXTRACTS  FROM  OPINIONS  OF  THE  PRESS. 


SCHOOL  ATLASES. 

**  Ttwt  an  u  nipcrior  to  til  School  h  tliuci  wftliln  our  koowMce.  ■■  wn  *><• 
latftr  wotfcs  of  tho  um«  Author  la  advuoi  of  tliuM  tb«t  pr«c«l«d  Umu."— 


"  D*cld«dl]r  the  bott  Bchool  AUomi  w«  hkv*  ovar  i 


"■--YingliMh  Journal  qf 


**  .  .  .  "Hia  *  Phjnlral  AUu'  sMini  to  nil  pftrticaUrlf  well  fiZBCnt«4. 
.  .  .  The  Ust  geuoratlcn  hftd  no  •QOb  help  to  lumlDg  u  li  ■ffurdvd  in 
thn«  vzcttUoDt  cltfUicuUry  Maps.  The '  OliMical  AUaa'  is  a  great  Uaprov»> 
meat  od  what  haa  nBuaJlj-  giiDo  by  that  naine ;  not  ouly  (■  It  fuller,  hot  In 
•oat  ouM  It  glTM  the  aaiiis  conntry  mon  than  once  in  difltoeat  pertodi  of 
tima^  Tttu  It  apprawbeB  Uie  bp^gIaI  raloe  of  a  hlitoiieal  atlaa.  The  'Oenml 
Atlaa*  ta  wooduToDy  full  and  accurate  for  Ita  acale.  .  .  .  Finally,  the 
'  Aatrononleal  Atlas,'  tn  which  Hr  Hind  la  reapooalble  for  the  achintUlo  a<y 
OBiacj  of  the  map«,  aappUea  an  admitted  edacatlonal  want  No  better  ooia- 
paalOB  to  an  elatnentary  astronomical  treatise  eoald  he  round  than  thU  cheap 
and  oonvanleot  eoUeotlon  of  mapa." — Saturday  iUviaw. 

"Hie  plan  of  Uieae  Atlaaea  la  admirable,  and  the  exMllance  of  the  plan  (a 
xiralled  by  the  beauty  of  the  execution.  .  .  .  The  liMt  ■rrnrity  far  the 
•oonraey  and  anbatantlal  valne  of  a  8<;honl  Ailaii  1«  to  have  It  frttm  iht  haudi 
of  a  man  like  our  Anthor,  who  has  perfected  his  skill  by  the;  cxccuttou  of  mui-h 
largn  «t»rka,  and  gi^lDed  a  character  which  he  will  be  carffful  not  U)  Jeopardisa 
by  attaching  his  name  to  anything  that  is  erode,  aloveuly,  or  suparfldaL"— 
S»twman. 

"Thia  Bdltlan  of  the  'Claaato*!  AUaa'  la  so  nmcb  enlarged  and  Improved  aa 
to  be  vtrtnally  a  new  work,  anrpaaalng  eTecythlng  else  of  the  kind  eztaul,  both 
la  ntUlty  and  haantr."— ^UWtwvunk 


THE   HANDY  ROYAL  ATLAS, 


I 


» 


"  Ti  mobahlj  the  best  work  of  the  kind  now  pobllahed."— TVnua. 

"Not  only  are  the  present  territorial  adjnstaienta  duly  reglitered  ta  aU 
tbaae  Maps,  bat  tha  lataat  dlaoorertas  In  Cantral  Asia,  In  Amca,  and  Amerioa. 
hare  been  dallnaalad  with  laborioos  fldelity.  Indeed  the  ampla  lUuntratlim  nf 
recent  dlsoovaiy,  and  of  the  great  gronna  of  dopeDdcnries  on  the  Britiah 
CrowtL  randen  l>r  Johnaton's  Uie  bast  of  all  AUaaes  for  CngUsh  om.  "—i'aU 
MaUOoMtu, 

"  HiU  Is  Mr  Ktitb  JohDiVm's  adnliaUa  Boyal  Atha  dimlnlilwd  la  balk  and 
aoale  so  aa  to  be,  perhsfw.  fnirly  aatitled  to  the  aaae  of  *  Handy,'  bol  sUU  not  so 
much  dloiinisliea  but  wbat  li  contUittlM  aa  acourati  and  uaafw  laoatal  AUaa  fur 

ordinary  bouaeholds." — SptetOtor. 

**  The  '  Handy  Atlaa '  la  tboronghlT  deaerrlns  of  Its  name.  Not  only  doea  It 
contain  the  latest  lafonnatlon.  but  Ita  alia  and  amugament  raader  It  peiTect 
as  a  book  of  referenca."— ^(andari. 
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Arithmetic. 

THE   THEORY    OF    ARITHMETIC.     By  David 

MuNN,  F.R.S.E.,  Mathematical  Master,   Royal  High  School  of 

Edinburgh.  Crown  8vo,  pp.  394.  5s. 
"We  want  books  of  this  kind  very  much— books  which  aim  at  derelopinr 
the  educ&tional  value  or  ATithtnetlc  by  Bhowing  how  admirably  it  li  calcolatea 
to  exercise  the  thinking  powers  of  the  young.  Your  book  is,  I  think,  cToellent 
— brief,  but  clear ;  and  I  look  forward  to  Uie  good  effects  which  it  aball  prodaoe, 
in  awaking  the  minds  of  many  who  regard  Arithmetic  as  a  mere  mecbuical 
process."— i*ro/M«w  KeUat^. 

ELEMENTARY  ARITHMETIC.  By  Edward  Sang, 
F.R.S.E.  This  Treatise  is  intended  to  supply  the  great  desider- 
atum of  an  intellectual  instead  of  a  routine  course  of  instruction  in 
Arithmetic.     Post  8vo,  5s. 

THE  HIGHER  ARITHMETIC.  By  the  same 
Author.  Being  a  Sequel  to  '  Elementary  Arithmetic.'  Crown  8to, 
53- 

FIVE -PLACE  LOGARITHMS.  Arranged  by  E. 
Sang,  F.R.S,E.    Sixpence.    For  fhe  Waistcoat-Pocket. 

TREATISE  ON  ARITHMETIC,  with  numerous  Ex- 
ercises  for  Teaching  in  Classes.  By  James  Watson,  one  of  the 
Masters  of  Heriot's  Hospital.     Foolscap,  is. 


Botany. 


A  MANUAL  OF  BOTANY,  Anatomical  and  Phys- 
iological. For  the  Use  of  Stiident.s.  By  Robert  Brown, 
M.A.,  Ph.D.,  F.R.G.S.,  lecturer  on  Botany  under  the  Science 
and  Art  Department  of  ihe  Committee  of  the  Privy  Council  on 
Education.     Crown  8vo,  with  numerous  Illustrations,  125.  6d. 

"This  is  A  work  of  very  meritorious  character. "—^imh/c  and  LUfnry 
lie  vino. 

"  AVc  have  no  hesitation  in  rerommendin<:  this  volume  to  our  raiden  u 
being  the  licst  iumI  most  reliable  of  the  many  works  on  botany  yet  i8sue<L 
His  manual  will,  if  we  mistake  not,  be  enperiy  consulted  "and  (UtenliTclr 
studierl  hy  fill  those  who  take  an  interest  iu  the  science  of  botany. "-<wj 
Service  Gazette. 

Agriculture. 

CATECHISM  OF  PRACTICAL  AGRICULTURE. 
By  Henry  Stephens,  F.R.S.E.,  Author  of  the  'Book  of  the 
Farm."     A  New  Edition.     With  Engravings,     is. 

PROFESSOR    JOHNSTON'S    CATECHISM   OF 

AGRICULTURAL  CHEMISTRY.  A  New  Edition,  edited  by 
Professor  Voelcker.     With  Engravings,     is. 

PROFESSOR     JOHNSTON'S     ELEMENTS    OF 

AGRICULTURAL  CHEMISTRY  AND  GEOLOGY.  A  New 
Edition,  revised  and  brought  down  to  the  present  time,  bv  G.  T. 
Atkinson,  B.A.,  F.C.S.,  Clifton  College.    Foolscap.  6s.  6d. 


EDUCATIONAL  WORKS. 
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Miscellaneous. 

A   TREASURY    OF   THE  ENGLISH   AND  GER- 

HAN  LANGUAGES.  Compiled  from  the  best  Authors  and 
LexJcograpbers  in  both  Languages.  Adapted  to  the  Use  of  Schools, 
Studcnt^^  Travellers,  and  Men  of  Business ;  and  forming  a  Com- 
panion  to  all  Gcnnan-Enclish  Dictionaries,  hy  Joseph  Cauvin, 
LL.D.  ft  Ph.D.,  of  ilje  Uaivcraity  of  Gotting^n.  &c  Crow-n  8vo, 
7s.  6d.,  bound  in  cloth. 

"An  ueclloDt  Englhh-Ocrmu  Dlutlonary, which  mppUu  1  T«al want. '^ 

"  Tlu  dIOealtr  of  tmulitlitg  Bngllxh  Into  German  may  be  crMttf  allcrlatad 
bjr  Uid  ofto  of  thiit  CDpkmi  and  excellcnl  EssIUhQennui  DictianKtv,  which 
<p«pfDM  the  difTerent  aeiiMa  of  each  KnAlUh  wurd.  kml  givM  sultaUe  Qannaii 
aqttlvalonta.  It  al*o  luppUea  an  ahoodince  of  Itiioititttie  phnaeology.  with 
manx  panuiw  tram  Sbakespcan  and  othar  autlior^  Kptlj  miderad  In  Oeman. 
~  with  other  dlctioiianeti.  It  haadeoldedly  the  advabtage."— ^lA«n«tHn. 


INTRODUCTORY  TEXT-BOOK  OF  METEOR- 
OLOGY. By  Alexander  Bochan,  M.A..  F.R.S.E..  Secretary 
of  the  Scottish  Meteorological  Society,  Author  of  '  Handy  Book  of 
Meteorology,'  &c.  Crown  8vo,  with  8  Coloured  ChaiU  and  other 
Engravings,  pp.  ai8.     4s.  6d. 

**  A  handy  romp^tntinm  of  Mptcomlngy  hy  od«  of  the  moet  competent  atitho* 
ritiea  on  tliiit  liranch  of  science."— /*etiirmann*ji  GnoffrajthiMche  JHUtheUuniftn. 

"  Wo  run  rcrnmmpnd  itaa  a  handy,  clear,  and  srlontlllc  Introdnction  to  the 
th«(iry  vf  Mnoorology,  written  by  a  man  wbo  has  evidently  mnatercd  hln  nb- 

**  An  exceedingly  tuerol  Tolmne.**— ^(A^tupum. 


A  GLOSSARY  OF   NAVIGATION.     Containing  the 

Definilions  and  Propositions  of  the  Science,  Explanation  of  'Irrms, 
and  Description  of  Instruments.  By  the  Rev.  J.  B.  Hakb«:>kd, 
M.A.,  Assistant  Director  of  Educaiion^  AdmiraUy.  Crown  8vo. 
Illustrated  with  Diagrams,  6s. 


DEFINITIONS    AND     DL\GRAMS     IN    ASTRO- 
NOMY AND  NAVIGATION.     By  the  Same.     is.  6d. 


ELEMENTARY  HANDBOOK  OF  PHYSICS.    M'ith 

3IO  Diagmma.     By  WILLIAM  KossrTES,  F.R.A.S..  &C.     Crown 
8vo,  pp.  390.    5*- 

*'  A  itn^Iarly  loterratrnx  Treatise  on  Physics,  founded  on  facts  and  phmo- 
mena  gninttd  &L  flrat  liaod  by  Die  Anthnr,  and  cxi>f>nndod  (o  a  style  whirh  U  a 
inwiel  of  that  otinptlclty  and  caae  in  writing  whirJi  betokens  mastery  of  the 
anhJect.  T"  tlio^e  who  require  a  noD-matbcDiatlcal  exposition  of  the  prlnclplee 
of  PhyalcJ  a  better  book  cannot  be  recommended.  "—^a/I  MaU  Guz$ttt. 


ts 
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Second  Edition,  revised^  and  tmlarged  xcitk  a  SwffUwtent  o/moRf 

additional  vxtrds  ;  and  a  list  of  Scriptmrt  ptv/vr  nomfi, 

and  otktr  nanux^  all  resfelt for pranunciatuin. 

AN  ETYMOLOGICAL  AND  PRONOUNXtNG 

DICTIONARY 

OF 

THE     ENGLISH     LANGUAGE. 

INCLl'UING  A  VERY  C0FI0U5  SBLftCTIOH   Or 

SCIENTIFIC,  TECHNICAL,  AND  OTHER  TERMS  AND  PH1tAS£S. 
DESIGNED   FOR  USE   IN   SCHOOLS  AND   COLLEGES, 

AND  AS 

A  HASDT  BOOS  FOR  GEHEEAL  REFER£BCS. 
By  THE  Rev.  JAMES   STORMONTH, 

AKD  THE 

Rev.  p.  H.  PHELP,   M.A. 
Crown  8vo,  pp.  785.  7s.  6d. 


OPINIONS   OF   THE    PRESS. 

**  Thif  win  be  CDOnd  a  most  admirable  and  tucftil  Durtioiiary  by  the 
the  num  of  boiliUiH,  or  tbe  genentl  Inquirer.  Itc  deci^  U  to  cnpply  »  fbll  lad 
complete  ptxmoiuicifig,  «t7inologiral.  aod  cxpUoAtAiy  DIctiotury  of  Ui«  Eii|)ui^ 
laagnaee  ;  uid,  m  br  w  we  oui  JtKtge,  In  that  dovlgn  H  mast  eomplilcly  aft* 
Mada.     It  Rontnlnii  lui  nnuatul  mitiilier  of  ticiiinUnr:  luune*  aad  tcniM,  Bl^ttft 

phnUM,  and  IhmtUar  <vtllnqn<aHam«  ;  UllJ)  Will  COIuMwmbly  ealunoa  ftl  nlBite 

the  goDBnl  flaorcber  after  inforniatloft.  The  author  srems  to  at  to  have  fiUaved 
the  Dictionary  exoeeiUnglj  welL  T%e  Dictionary  wonli  ara  printel  U  b^ 
black  type,  and  insingle  loiters, that bebi«  tbo  form  in  which  wanUuaoMlly 
prseentod  to  the  reader.  Capital  lett«n  begin  such  wnnlt  only  la  |inipv 
luunea,  and  others  whloh  are  alwayt  ao  printed.  They  are  gronpad  sate  k 
leading  word,  froi^  which  they  niay  be  proammed  naturally  to  fall  or  ba  tenalt 
or  alDgly  follow  In  alphabetical  onlei^-only  ao,  howvvw,  wb«o  they  m  dtfifll 
fh^m  the  same  leading  root,  and  when  the  alphnbottcal  onlis-  may  not  b«  va^ 
rioUy  disturbccL  The  roots  are  endosixl  within  brarketa,  ami  ftar  tbas  tbi 
works  of  the  best  and  moat  reorat  authoritiea  worn  to  haw  bMU  ooniaBaL 
Tlio  meanings  ara  those  tunalty  given,  bat  they  have  beaa  dinpKfled  as  mmk 
as  poasibla.  Nolblng  unneoeiaary  la  gtren :  bat.  In  th«  way  of  deflnitloii,tlMR 
will  be  ftmnd  a  rast  qnantl^  of  new  matter.  The  phonetic  apdling  of  At 
words  has  been  oareftiLly  revised  by  a  Cambridge  gradaate— Mr  Fh«lp :  aad  Or 
Page^  tlie  well-known  ^•eolrtgist,  hPks  attended  to  the  correctnen  of  the  nrtoca 
Mtlaiitiflc  tvniis  in  the  book.  The  Dictionary  altogether  Is  ray  eonplcia*— 
(TnwAocJI;  Jrfiwrtiser. 

"  This  Dictionary  in  admimblA.  The  etymologieal  pari  eapedally  Is  good  «l 
soand.  Vs  have  turned,  to  'calamity,'  'fbreit.'  'poltroon,*  aad  a  ntunhtfol 
other  crucial  words,  and  And  them  all  derived  accordtng  to  Um  newest  QgUs^ 
There  la  nothing  about  *  calamus,*  and  *  Ibrfa/  and  *  poUice  tranens,*  <a«h  as  wt 
uwd  In  the  etymological  dictionaries  of  the  old  type.  The  work  ilMii  ill  ■ 
pUoe  In  every  EnglUh  School,  whether  boys'  or  girls*. "— TFesfndiskp 
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OPI N  IONS— rw/i  *  ued. 

"Thftt  whlrh  in  now  berore  us  la  evidently  a  work  on  which  enonnoiu  pulni 
kAT*  bMn  bestowed.  The  comiiilAticin  aud  amngenuuit  give  evidnuce  of  Uho- 
metrch  uid  toj  axtetulvti  iirholarahip.  SpMlal  euBMonitto  hiv«  ben 
[imtowed  on  the  proDonclnUon  and  fftrmologfeal  derivatfam,  and  the  'roo^ 
'  which  an  given  an  moat  valnabta  tn  holpIn|{  to  a  knoirtodgv  of  prlmair 
|i|ignifli!ationB.  All  tliroDj[h  Uie  book  aro  evidenooa  of  elabontA  and  ntnadon- 
<  wvrkt  and  any  one  who  maaterfl  the  varied  contents  of  thta  Dlctionaiy 
^%in  not  he  flu  off  tbo  attainment  of  the  complete  art  of '  writing  the  Bngliah 
tlftngnafce  with  propriety/  in  the  matter  of  ortitograjAr  ftt  any  imte."— £e4Au( 
ITurtlUm  Whig. 

"ThiiftrUcMnaaalikely  tA  prove  a  nseAil  and  valtubtc  work.  .  .  .  The 
snnuber  ofaciontlflc  tcima  k1v«d  In  fiir  beyond  what  we  have  noticed  In  prerfooi 
works  of  this  kind,  and  will  In  great  measure  rrnder  other  special  dlctlDaariflt 
anpeifloooa.  Great  care  spflins  aUo  to  tuivr  lieen  rxmritrd  in  giving  the  eomcrt 
■tjBmkigjr  and  pronnnciation  of  wnrda.  We  trutit  the  work  nuy  meet  with  ths 
It  deaerves^"— Oriifih^ 


^ 


I 

•ei 
K    re. 

I" 


Od  the  whole,  we  may  ohanuTtwiia  Hr  Btonnonth's  u  a  really  good  and 
inlaable  Dictionary;  and  with  the  typical  exceptions  we  have  jtulnted  out,  wa 
tasUy  aUow  hla  claim  to  hire  Uhonrcd  earnestly  and  conscientiously  In  the 
ynMlnotian  ctiV—Jm$n%aX  of  Education. 

**  I  have  examined  Stormonth's  Dictionary  minntely,  and  again  and  agiUn  witti 
Mtlsftctlon  on  prilnts  where  other  Dlctlonarfei  left  ue  hopekwk  It  is  an  eU- 
bonte  and  splendid  work,  and  with  Its  giwt  fttluMi,  Its  groaping  of  words,  and 
Its  meaning!  of  phrases,  ilionld  be  the  vads  wcdum  of  ereiy  student..  It  la  a 
book  I  would  like  very  much  to  see  In  the  hinds  of  all  my  advanced  papHa^**— 
David  OampbiU,  £ag.,  The  Actideinv.  Uontrtm. 

**I  am  happy  to  be  able  to  express— and  that  !n  the  strongeitt  terms  nf  com- 
aiendation— my  opinion  of  the  merits  of  this  Dictionary-.  Considering  the  ex- 
tensive field  which  it  c«.r\-erK,  it  seems  to  me  a  marvel  of  painstaking  labour  smt 
(eneral  accuracy.  With  regard  to  tlie  scicnttflc  and  technical  words  so  exten- 
■Ively  inlrodiicml  intn  it,  I  must  say,  that  in  this  mpect  I  know  no  Hictlonary 
that  so  aatlsfoctorlly  meets  a  rc&I  and  wlduly  felt  want  In  our  Ultirttture  of  rs- 
fcrtncA  I  have  compared  it  with  the  Urge  and  costly  works  of  Uitliamf 
Wedcwood,  and  others,  and  find  that  la  the  fulness  of  Ha  details,  and  the 
tihunoM  of  Its  deOoHioDi,  it  holds  its  own  even  against  them.  The  etymology 
haM  bwn  treated  throughout  with  much  intelUgenoe,  the  most  dtatlagalalMd 
■ntborttles,  and  the  most  recebt  dlscoTerlM  In  philological  sdanoe  harlng  been 
laid  under  careftil  contrlbntion."— ^UAorrf  D.  Orakam,  E»j.,  BngtUh  Jfinster, 
CoiUfft  fijr  Daughtm  of  Ministtn  cif  Uu  Chunk  of  Scotland  and  qf  Prvfuton  in 
OmSeottlA  UnivtrMiiie$. 

'*  For  cleomen  of  printing,  neatness  of  arrangement,  and  amonnt  of  lnft»ma- 
tlon,  this  I>1etlonary  leaves  nothing  to  tw  desired  ;  while  its  conrctness  and  con- 
densed form  giving  all  that  Is  necessary  wltti  no  redoDdance,  will  prove  of  great 
•ervicfl  to  all  who  want  a  work  of  complete  and  easy  referenre,  withont  haxing 
recooTM  to  a  Cyclopedia.  In  all  cases  where  I  have  referred  to  the  etymology, 
I  have  found  it  mokt  satlslkctoTy  ;  once  or  twlc«  after  being  unable  to  find  a 
word  In  another  Dictionary,  I  have  met  what  t  wanted  In  this  oaa.''—John 
Wingfitld,  £»i.,  U.A. 


THE  SCHOOL  ETYMOLOGICAL  DICTIONARY 

AND  WORD-BOOK.  Combining  the  advantages  of  tin  orduuTT 
Pronoundag  School  Dictionary  and  an  l^tyniologicalSpclling-Buok. 
By  the  Rev.  James  Stokuontu.    Fcap.  8vo,  pp.  354.  a& 


"  This  is  mainly  an  abridgment  of  Mr  Siormonth's  larger  EtymoSo^ 
cal  Dictionary,  which  has  already  been  favourably  criticised  in  'Tht 
Schtwlmaster.'  The  Dictionary,  which  contains  every  wond  m  onftnof 
use,  is  followed  up  by  a  carefully  prepared  list  of  prefixes  and  p(M8Eae\ 
with  illastrative  exiimples.  and  a  vocabularv  of  Latin,  Greek,  and  alhc 
root-words,  followed  by  derived  English  words.  Ii  will  be  obvios  to 
every  experienced  teacher,  that  these  li!>ts  may  be  made  available  a 
many  ways  for  imparting  a  soimd  knowledge  of  the  EngU&h  langwp. 
and  for  helping  unfortunate  pupils  over  the  terrible  dimculties  of  our 
unsystematic  and  stubborn  orthography.  We  think  this  volume  «31 
be  a  valuable  addition  10  the  pupil's  store  of  bcxiks.  and,  if  rightly  med. 
will  prove  a  safe  and  suggestive  guide  to  a  sound  and  thorough  louMr- 
ledge  of  his  native  tongue?* — Tht  Schcoimatter, 


I 


"For  these  reasons  we  always  advocate  the  good  old  practice  of 
teaching  children  English  to  a  large  extent  by  means  of  liits  of  spell- 
ings, all  but  the  most  elementary  classes  teaming'  spellings  with  '  mexn- 
ings.'  Mr  Storraonth,  in  this  admirable  word-book,  has  provided  the_ 
means  of  carrying  out  our  principle  in  the  higher  classes,  ajid  of  cor 
tng  all  Che  inexactness  and  want  of  completeness  to  which  ihe  Cngli 
student  of  Knglish  is  liable.  His  book  is  an  rtymologicJil  dictioru 
curtailed  and  condensed.  .  .  -  As  a  dictioaarT  the  book  ts  very 
carefully  compiled,  and  much  labour  has  been  expended  on  the  iiik_ 
of  economising  words  and  space  with  as  little  actual  loss  to  i!ie  sru-l 
as  possible.  The  pronunciation  is  indicated  by  a  neat  sysicm 
syinbuU,  easily  mastered  at  the  outset,  and  indeed  preiiy  nearly 
ing  for  themsdvcs." — School  Board  ChroMuU, 


mexn- 
^  the      I 

irttCl^H 

s  very 
\r  mk      I 

-J.  Aw        I 


*•  A  concise  handy-book  of  this  kind  was  much  wanted  in  schooU.  fe 
most  pocket-dictionaries  are  by  no  means  reliable  guides.  Bcudes  the 
word  and  its  meaning,  (he  pronunciation  is  given  in  each  case,  logeiba 
with  the  kindred  or  root  words  in  other  languages.  The  woik  SSOH 
very  complete." — Edutatiotuii  Timet. 

"  The  derivations  arc  particularly  good." —  iVtsfmituiier  iP^vfost. 

"This  cheap  and  careful  abridgment  of  Mr  Stormonth's  U 
tionary,  which  has  mE;t  with  so  cordial  a  welcome  in  alt  quar^. 
be  received  as  a  lioon  by  all  interested  in  the  cducaiioa  of  the 

.     .     .     We  heart! ty  endorse  its  claim  to  be  '  a  thoroughly  pr 

ftchool-book,  and  fitted  for  daily  use  by  the  pupil  in  and  out  of 

school-room^  in  the  preparatioa  of  the  EngUku  lessona.*" fVr/t 

//era/4. 


"The  work  is  admirably  adapted  for  teaching  the  meaniiiffs  of  I 
since  after  the  meanings  of  the  various  postfixes  have  been  tannt.  (^ 
pupil  will  obtain  excellent  exercise  in  the  formation  of  wwds  dcnved 
iroro  those  givca  in  the  Dictioaary."^J/r<4aAr<:x*  Ai^ga^mt, 
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OFnaONB    OF   THB   FRESH. 

"We  gladl]r  avail  ourselves  of  this  opponiinity  to  recommend  Ihe 
other  volumes  of  this  useful  scries,  most  of  which  arc  executed  with  dis- 
crimiDfttion  and  9.b\\\Ky."—Qtiarttrly  R<vi<w, 

"These  Ancient  Classics  have,  without  an  exception,  a  twofold  value. 
They  are  rich  in  literary  tntere5t,  and  they  are  rich  in  sociaj  and  histori- 
cal interest.  We  not  only  have  a  faithful  presentation  of  the  stamp  and 
quality  of  the  literature  which  the  master-minds  of  the  classical  world 
have  bequeathed  to  the  modem  world,  but  we  have  a  scncs  of  admir- 
ably vivid  and  graphic  pictures  of  what  life  at  Athens  and  Rome  was. 
We  are  not  metcly  t^ken  back  over  a  space  of  twenty  ceoturies,  and 
placed  immediately  under  the  shadow  of  the  Acropolis,  or  in  the  very 
heart  of  the  Forum,  but  we  are  at  once  brought  behind  the  scenes  of  the 
old  Roman  and  Athenian  existence.  As  we  see  how  tlie  heroes  of  this 
I  'new  world  which  is  the  old'  plotted,  intrigued,  and  planned;    how 

L  private  ambition  and  politicaJl  partisanship  were  dominant  and  active 
^^K  motives  then  as  they  are  now;  how  the  passions  and  the  prejudices 
^^B  which  reign  supreme  now  reigned  supreme  then  ;  above  all,  as  we  dis- 
^^P  cover  how  completely  many  of  what  we  may  have  tieen  accustomed  to 
'  consider  our  most  essentially  modem  thoughts  and  sayings  have  been 
anticipated  by  the  poets  and  orators,  the  philosophers  and  hisiorians. 
who  drank  their  inspiration  by  the  banks  of  Ilissus  or  on  the  plains  fk 
Tiber,  we  are  prompted  to  a&k  whether  the  advance  of  some  twenty  cen- 
turies has  woilced  any  great  change  in  humanity,  and  whether,  substi- 
tuting the  coat  for  the  toga,  the  park  for  the  Campus  Martius,  the 
Houses  of  Parliament  for  the  Forum,  Cicero  might  not  have  been  a 
1'  public  man  in  London  as  well  as  an  orator  in  Rome?" — Momtrng 

Advertiser. 

"  It  is  difficult  to  estimate  too  highly  the  value  of  such  a  scries  as  this 

in  giving  '  EngUsh  readers '  an  insight,  exact  as  far  as  it  goes,  into  those 

olden  times  which  arc  so  remote  and  yet  to  many  of  us  so  close.     It  is 

in  no  wise  to  be  looked  upon  as  a  rival  to  the  translations  which  have 

at  no  time  been  brought  forth  In  greater  abundance  or  in  greater  excel- 

I;      #  lence  than  in  our  own  day.     On  the  contrary,  we  should  hope  that 

t  these  tittle  volumes  would  be  in  many  cases  but  a  kind  of  stepping-stone 

i  to  the  larger  works,  and  would  lead  many  who  otherwise  would   have 

1^^   remained  in  ignorance  of  them  to  turn  to  the  versions  of  Conington. 

^B^  Worsley.  Derby,  or  Lytion.     In  any  case  a  reader  would  come  with 

^^p  Hi  greater  knowledge,  and  tltercfore  with  far  greater  enjoyment,  to  the 

complete  translation,  who  had  first  had  the  ground  broken  for  him  by 

ODe  of  these  volumes." — Saturday  Hevitw,  Jan,  18. 
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4.— THE  COMMENTARIES  OF  CESAR.     By  Aktbokt  Tic*^ 

LOPE. 

5.— VIRGIL.     By  THE  EDITOR. 

6.— HORACE.     By  THEODORE  MASTIN. 

7.— iESCHYLUS.     By  REorNALD  S.  COPLKSTOM,  B.A. 

8.— XENOPHON.     By  Sia  Aixxakdeb  Grant,  Bart.,  Principsi 
the  University  of  Edinburgh. 

9.— CICERO.    By  the  Cditox. 

10.— SOPHOCLES.    By  Cufton  W.  Collins.  M.A- 

XX.— PLINYS  LETTERS.    By  the  Rev.  Alfred  Chcrch,  \U 
and  the  Rev.  W.  J.  Bkodribb,  M.A. 

la.— EURIPIDES.     By  W.  a  Donne. 

13.— JUVENAL.    By  Edward  Walfobd,  M.A, 

14,— ARISTOPHANES.    By  the  Editor. 

15.— HESIOD  and  THEOGNIS.    By  the  Rev.  J.  Davis,  M.A. 

X6.-PLAUTUS  AND  TERENCa    By  the  Editor. 

17.— TACITUS.     By  W.  B.  Donmb. 

x8.— LUCIAN.    By  thk  Editor. 

19.— PLATO,    By  Clifton  W.  Collins,  M.A. 

20.— THE  GREEK  AXTIIOLOGY.     By  Lord  Nbatss. 
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